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decongestion with virtually no irritation or congestive rebound. 
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SIGNIFICANCE OF NONOCCUPATIONAL DISABILITY 


ROBERT COLLIER PAGE, M.D. 
NEW YORK 


disability is without question one of the 
most important problems confronting management at the present 
time. The incidence of nonoccupational disability in any industrial con- 
cern is a measure of the adequacy of management and employee relations, 
over-all efficiency and basic morale. Nonoccupational disability affects 
the initiative of the individual worker, his willingness to serve; it affects 
labor relations and it affects profits. 

There are several ways in which one might approach a presentation 
of the problem. During the past ten years | have accumulated data 
with respect to nonoccupational disability as it affects the petroleum 
industry. These data give some clue to the magnitude and the nature 
of the problem. 

INCIDENCE OF DISABILITY 

The type of problems encountered and the type of medical program 
maintained are different in domestic and foreign areas. The data 
presented are divided, therefore, into these two categories. In chart 1 
the total number of employees and the number of employees losing one 
full day or more of working time (“disability cases”) are plotted on 
the ordinate for the year indicated on the abscissa. It will be noted 
that there has been an increase in cases of disability as the number of 
employees has increased. In the case of the foreign employees this 
increase has closely paralleled the increase of the number of employees, 
while in the case of domestic employees the number of cases of disability 
has increased at a rate definitely greater than that of the number of 
employees. It will be noted that the number of cases of disability 
equaled or exceeded the total number of domestic employees in 1943, 
1944, 1945 and 1948. 

These differences in the number of disabling illnesses occurring 
among domestic and foreign employees can be better portrayed by a 


comparison of frequency rates. In chart 2 the number of cases of 


disability per thousand employees is charted year by year for the two 


groups. The striking increase of the incidence of disabling illnesses 
among domestic employees, followed by a slight but definite decrease, 


Read at the Ninth Annual Congress on Industrial Health, Chicago, Jan. 19, 
1949. 
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THOUSANDS OF EMPLOYEES AND CASES 


THOUSANDS Of EMPLOYEES AND CASES 


| 


Chart 1—Comparison of employee populations of arg and foreign affiliates 
with respect to the relation between number of empldyees and number Of cases of 
disability in. which one full! day or more of working time was lost. 


FREQUENCY BATE 


Chart 2——-Comparison of employee populations of domestic and foreign affiliates 
with respect to number of cases of disability per thousand eniployees per annum 
In these cases one full day or more of working time was lost. 
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occurred during a slower but persistent increase in the rate among 
foreign employees. In the year 1948 the rates for the two groups were 
not very different, each representing more than a 100 per cent increase 


in the past ten years. 


FOREIGN 


400 600 800 
FREQUENCY RATES 


SICKNESS NON-NDUSTR. INJURIES INDUSTRIAL INJURIES 


Chart 3.—Comparison of domestic and foreign affiliates with respect to number 
of cases of disability in each of the three categories per thousand of employees per 
annum. In each case one full day or more of working time was lost. 


If one subdivides the cases of disability into three categories, sickness, 
nonindustrial injuries and industrial injuries, one will find that by far 
the greatest number of cases fall into the first category (chart 3). It is 
this group of employees, whose disability is nonoccupational, with which 
the present report is concerned. Careful study of the data reveals further 
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that variations in the sickness disability rates parallel closely variations 
in the total disability rate 
I 


increase of nonoccupational disability rates has changed more radically 
for domestic than for foreign employees (chart 4). 


The same difference previously described 
tween foreign and domestic groups is therefore apparent; that is, the 


The incidence of nonoccupational disability is not a true measure 
of the problem, since information regarding the average duration of the 
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i 4 Chart 4.—Further comparison of employee populations of domestic 


and foreign 
affiliates with respect to number 


ol cases ot disability in} the three categories per 
thousand employees. In these cases one full day or morelot working time was lost 
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Chart 5 Comparisons with respect to the average number of 
case of disability 


days lost per 


disability is also obviously of great importance. In chart 5 the average 
number of days of disability per case is charted for both foreign and 
domestic employees. It will be noted that domestic employees con- 


sistently average more days of disability per case than do the 


foreign 
employees. While this is most strikingly true for the industrial injuries, 


it is also certainly true for the sicknesses. It will be noted further that 
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there has been a definite tendency for the average number of days of 
disability for sickness to decrease during the past twelve years with a 
lessening of the difference in time lost by foreign and domestic employees. 
These changes may be attributed to improvement of the medical super- 
vision maintained, 

The product of the frequency and the magnitude of the loss of work- 
ing time can be realized by charting the average number of days of 
disability per employee, as has been done in chart 6. Not only is the 
difference between foreign and domestic employees in days of dis- 
ability due to sickness dramatically demonstrated, but also the difference 
in days of disability due to nonoccupational causes and industrial injuries 


KEY: Domestic FOREIGN 


SICKNESS NON-INDUSTRINJ.| INDUSTRIAL INJ. 

1937 

1938 

194! 

1949 

1944 oa 

1945 

2 4 6 8 10 2 4 2 4 

DAYS DAYS DAYS 


Chart 6.—Comparisons with respect to the average number of days lost per 
disabled employee. 


for both groups is apparent. It is interesting that the number of days 
of disability per employee due to industrial injuries has been uniformly 
greater among foreign employees. In either group, however, the 
average number of days lost because of industrial disability has never 
exceeded 0.93—less than one day per employee. 


CAUSES OF NONOCCUPATIONAL DISABILITY 

Accumulated data concerning the causes of disability indicate that 
both domestic and foreign employees commonly suffer from minor 
gastrointestinal diseases, the common cold and influenza. In addition, 
arthritis and allied diseases of the musculoskeletal system are prominent 
causes of disability among domestic employees, while malaria and. in 
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certain areas, diseases of the urogenital system, including venereal dis- 
ease, are important causes of disability among foreign employees. Long 
term disability is most commonly caused by disease of the cardiovascular 
system or of the endocrine system. 

Efficient and practicable means of control are available for some of 
these diseases but by no means for all. Fortunately, some of the diseases 
are amenable to preventive and control measures, thus making possible 
an attack on the over-all problem. A few specific examples follow. 


PREVENTION AND CONTROL OF NONOCCUPATIONAL DISABILITY 
Mosquito control measures utilized prior to 1947 made operating in 
areas of endemic malaria possible but by no means eliminated the disease 


as a major cause of nonoccupational disability. Supplementing these 
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Chart 7.—Number! of cases of malaria per thousand ‘Venezuelan employees per 
month 


measures with the use of DDT has nearly eliminated malaria as a major 
cause of loss of job time in areas such as Eastern Venezuela. This fact 
is amply demonstrated in chart 7, where the number of cases of malaria 
per thousand employees is plotted month by month. 

Amebiasis is of little consequence as a cause of sickness disability 
among domestic employees but has been responsible for considerable 
nonoccupational disability among the employees of foreign affiliates. 
Thus amebiasis occurred in 7.5 of every thousand employees in 1945 
and in 6,7 of every thousand foreign employees in 1946. Routine 
examination and treatment of all food handlers and domestic servants 
have had a profound effect on the frequency with which amebas are 
found in the stools of employees. These data are charted in chart 8. 

Other specific examples of control measures might be included but 
would not contribute further to the thesis being presented. 
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CONSTRUCTIVE MEDICINE 

The discussion thus far has dealt with the public health and pre- 
ventive medical technics that have been applied to specific disease 
problems. Further, the data have been concerned primarily with the 
wage earners, i. e., the emplovees who work an eight hour day, frequently 
at specified hourly rates. Since these workers receive sickness benefits, 
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Chart 8.—Incidence of amebiasis. The curve is based on monthly reports of 
examinations for Endamoeba histolytica. The percentage for 1948 is that for the 
first six months only. 


OF THE 63 CORRECTIBLE DISORDERS 
RECOGNIZABLE MEDICAL DISORDERS 65 DISORDERS CORRECTED 
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Chart 9.—Disability of executives. Of 290 executives examined, 200 had one 
or more medical disorders—237 recognizable defects in all. Of these defects, 154 
were degenerative in type; of the remaining 83 correctible disorders, 65 were 
corrected. The scheme on the right shows the proportion of those whose disorders 
were not correctible (154) and those whose disorders were correctible (83). Also 
shown in each scheme are the numbers of persons of each group whose working 
capacity was impaired, and the numbers whose working capacity was not impaired. 


the cost of their illness can be readily calculated in terms of dollars and 
cents. The cost has reached as high as 1.8 per cent of total pay rolls. 

Another phase of the problem presented by nonoccupational dis- 
ability has received little attention in the past since it is impossible to 
express in terms of dollars or any other readily understandable measure 
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the magnitude of the importance thereof. This particular phase has to 
do with ambulatory, “on the job” care in contradistinction to “off the 
job” or actual treatment of disease. 

For the past eight years my associates and I have been carrying on 
a program of constructive medicine for a gr up of executives. A total 
of 343 such persons were invited to submit to comprehensive periodic 
medical examination. Some 290, or 87 per cent, took advantage of the 
opportunity. The remaining 53, or 13 per cent, failed to respond either 
because of faith in their present health or faith in various cultists such 
as Christian science practitioners or osteopaths. 


VERT 
Come 


Chart 10.—The 


two approaches to improved employee relations in industry by 
way of medicine. 


RESULTS 


Chart 11.—Comparison of the econdmic and social results of the industrial 
resort to preventive medicine and that to curative medicine 


Among the 290 examined, 90 were found free of any disease, while 
200 had one or more medical problems. A total of 237 diagnoses were 
recorded. In 83 instances the defect was remediable, and early cor- 
rection was desirable in at least 47 instances in which the patients were 
suffering to variable degrees as a result of the impairment of efficiency. 
Some of the problems affecting the work potential of these persons were : 
(1) anxiety states referable to domestic difficulties, (2) malfunction of 
the thyroid gland or of the gallbladder, (3) thrombosed hemorrhoids, 
(4) errors of ocular refraction, (5) hypertrophy of the prostate gland 
and (6) work fatigue. 
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Other problems amenable to correction but without any clearcut 
influence on the person's efficiency were: (1) varicose veins, (2) dental 
caries, (3) chronically infected and hypertrophied tonsils, (4) hernias, 
(5) benign neoplasms and (6) hypertrophy of the prostate gland. 

Of the 237 disorders encountered, 154 were not correctible (chart 
9). While such defects might not impair the individual working 
capacity, they were found to do so in 117 instances. In most instances 
the disorder was classified as degenerative in nature and required 
modifications and adjustments in the executive’s duties to make possible 
reasonably efficient utilization of his individual abilities and capacities. 
Such readjustments plus close medical supervision have worked out 
advantageously for the employees and the company. Among the problems 
encountered were those associated with (1) cardiovascular-renal dis- 
ease, (2) arthritis, (3) diabetes mellitus, (4) alcoholism, (5) obesity, 
(6) maladjustment to the job and (7) varicose veins. As indicated 
in chart 9, there were 37 persons with uncorrectible defects, but these 
were of such a nature as not to affect working ability or capacity. 

As indicated previously, there is no way in which loss of working 
time or impairment of efficiency can be measured for this group. None- 


theless it is reasonable to assume that such losses if permitted to go on 


unchecked may be even more colossal than those attributable to the larger 
group of employees falling under the jurisdiction of the rules and 
regulations of sickness absenteeism. 


COMMENT 

Health departments, statisticians and others have been anxious to 
secure accurate measures of morbidity but have found many obstacles 
which appear insuperable at the present time. Industry with proper 
medical assistance can secure such data easily and efficiently. Morbidity 
rates have been sought by, and in their absence estimates have been 
utilized by, some who believe the present system of medical care is 
inadequate and should be replaced by a government-controlled plan. 
While the data presented indicate a large amount of previously unmet 
medical needs, physicians believe that programs such as theirs can meet 
these needs better than any government-controlled health insurance 
plan. 

Health insurance plans do not insure health to the employee. Such 
plans afford a false sense of security to the employee and permit the 
employer to feel that he has met all his health obligations. The increased 
financial burden placed on employers by such schemes will make it 
difficult for the best-meaning employer to provide the type of medical 
program needed or to utilize accepted medical principles of engineering 
essential to the prevention of disease. In spite of his financial investment 
in his employees’ health he will be faced by lowered efficiency and 
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increased absenteeism rather than increased efficiency and lessened 
absenteeism, to which he is entitled in return for his financial aid. 
Much attention has been given by the proponents of health insurance 
legislation to the provision of more nearly adequate hospital facilities. 
While it is admitted that much of present hospital construction is 
obsolete and in need of replacement, it is not clear that increased hospital 
facilities would contribute to the health of the public. The major need is 
to keep people out of hospitals. Adequate housing, the application of 
accepted standards of household sanitation, the proper supervision of 
water, milk and food supply will do much to increase the health of the 


Preventive and Constructive Medicine 
This is industry's responsibility. 
Environmenta) sanitation 
b. Industrial hygiene (heating, lighting, 
ventilation, safety protection, ete.). 
ce. Preplacement and periodic examina 
tions 
d. Health education programs to teach 
employee to: 
Live within his physical and menta! 
capabilities; 
Choose between good and poor medi 
cal eure 


Cost can be controlled. 


Less costly to employer and employee. 

(Caliber of medical service controlled. 

a. Properly trained personnel working in 
an) adequate physical plant. 

b. Lignited supply of accepted drugs. 


More tangible results (eer both employer 

and employee 

a. Health of employer maintained. 

b. Employee assigned to work within 
physieal and mental capabilities. 
Good ehanee of living three score 
years and ten and cap'talizing on 
anguity benefits, 

Increased over-all efficiency of em 
ployee, 


Curative Symptomatic Medicine 

This is the employee's responsibility, but 

industry can help by: 

a. Establishment of lberal sickness hene 
fits 

b. Eneouraging mutual health associa 
tions, Blue Cross, ete., in which indus 
try and employee can share alike 


Cost cannot be controlled (1.8% of pay roll 

or more). 

More costly to employer and employee. 

No control ov¢r caliber of medica! service. 

a. Cultists aq well as competent thera 
peutists may be consulted. 

b. Unnecessary quantities of questionably 
beneficial 

Less tangible results for employer and em 

ployee 

a. No guarantee of health maintenance 
b. No understanding of industrial prot 
lems and how they affect employee 
c. Less chance of living three score years 

and ten and capitalizing on annuity 
benefits 
dad, Decreased over-all efficiency of employee 
e. Increased absentevism 


Decreased absenteeism. f. Questionable human relations. 
fiood buman relations. 


public at large. Application of accepted medical principles which have 
to do with such everyday problems as child guidance and welfare, the 
control of tuberculosis, malaria and venereal disease, and health educa- 
tion for school children will materially lessen the need for hospitals. 
The true responsibility of society is to make available the means by 
which health may be pursued and conserved—remembering that the 
individual citizen must accept personal responsibility. The basic problem 
is not only to make him want health but also to make him understand 
what he has to do to obtain and maintain it. The layman too frequently 
is of the belief that health can be bought, either at the drugstore or at 
a good clinic, if only one has the price to pay. A periodic examination 
at the hands of a competent physician is relatively inexpensive as com- 
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pared with the cost of the alcoholic beverages and tobacco consumed or 
the operation of an automobile. Such an examination, however, is 
valueless unless the patient has a real concern for his health and has 
the will to do those things which are essential for it. Legislation can 
provide clinics but not the will to health. The former exist now; the 
latter is too frequently lacking and constitutes a major obstacle in 
the realization of the health worker’s dream. 

Since maximum production is the first requisite of a successful 
business, healthy employees provide one of the greatest assets any 
industry can have. Absenteeism and impaired efficiency resulting from 
ill health are costly to employer and employee. The physician in 
industry is in a position to evaluate not only the employee's physical 
status but also his emotional adjustments to his job, his fellow workers 
and even his home. The employee can be taught to judge his physical 
and mental abilities as well as to live within his physical and mental 
limitations. This is constructive medicine. It entails the detection of 
the incipiency of disease and does not rely on symptomatic or curative 
measures to satisfy the present complaints of any given person. Pre- 
placement examinations make possible the delegation of duties that 
are well within the employee’s physical and mental capacities so as not 
to increase his disabilities or endanger the safety of others. The periodic 
health inventory is of equal importance. Reassignment of duties more 
nearly within the individual’s capabilities may be desirable as the result 
of impairment of physical well-being. Then, too, when disease is detected 
in its incipiency the physician in industry can advise the employee as 
to the best method of attack and where such attention can be obtained 
at a cost compatible with the income. As a result, the employée profits 
by such managerial interest in employee health. The employee feels 
better, has more zest for his duties and is able to perform them in a way 
beneficial to his employer but also in a way to assure himself and his 
family security. 

Management’s interest in the health of the worker begins with the 
preplacement examination and ends when the worker receives his retire- 
ment medical inventory. What medical attention the worker receives 
in the interim constitutes an industrial health program. All medical 
service may be divided into preventive, constructive, educative and cura- 
tive. It is in the area of preventive, constructive and educative medicine 
that the unmet needs exist. Some of these needs are being met by public 
health departments. By the very nature of their size and the mode of 
organization, such health departments can never be expected to meet 
needs that occur at a personal level. It is my thesis that industry can 
best fill this gap while continuing to use the private physician for the 
curative phase of medicine. Industry’s medical obligation to the worker 
is confined primarily to the preventive and constructive aspects of the 
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present day practice of medicine, with additional attention being given to 
health education, In the very nature of capitalistic business enterprise, 
it would not be consistent for it to assume complete medical responsibility 
for its workers, Its obligation ceases when a suitable working environ- 
ment is maintained aid the employee is placed at a job compatible with 
his physical and mental capabilities. 

If the general principles outlined to this point are followed, there 
can be no need for the promulgation of any government-controlled insur- 
ance programs designed to provide therapeutic benefits of unrestricted 
nature. The American way of life expects the government to perform 
only those tasks which the individual member of the community cannot 
accomplish alone. Industry in these United States is invariably located 
where ample medical facilities are available. Progress in industrial 
health programs to supplement these existing facilities has been phenom- 
enal, Incentive to continue this work should remain in industry where 
the problems are fully understood. 

In order to emphasize further the role of industry and the role of the 
private physician in the promotion of the employee's health, charts 10 and 
11 and the accompanying table present the differences between approach- 
ing employee health through preventive and constructive medicine and 
approaching it through curative medicine. 


SUMMARY 

The major causes of employee disability and absenteeism are non- 
occupational in nature. The total cost of such absenteeism may amount 
to as much as 1.8 per cent of the total pay roll. Absenteeism and 
especially decreased efficiency also make costly inroads on the produc- 
tivity of executive personnel which cannot be measured. 

Many of these nonoccupational diseases are amenable to preventive 
and constructive health measures. 

The best approach to the problem is the use of the preventive and 
constructive measures envisioned by the physician in industry. Decreased 
absenteeism and increased efficiency of the employee, as well as improved 
morale, will result in increased productivity in industry. 

Widespread industrial use of such a program would decrease the 
alleged need for‘a government-sponsored therapeutic or curative medical 
plan. 
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TOXIC ACTION OF CHLORDAN 


E. F. STOHLMAN, B.Sc. 
W. T. S. THORP, D.V.M. 
AND 
M. |. SMITH, M.D. 
BETHESDA, MD. 


 Brpe cpap is a chlorinated hydrocarbon of the empiric formula 
CyoHeCls, which has been found effective against various species 
of insects.' Structurally the compound is said to be 1, 2, 4, 5, 6, 7, 8, 
8-octachloro-2, 3, 3a, 4, 7, Za-hexahydro-4, 7-methanoindene.* The fact 
that it is effective as an insecticide and will probably be used as such has 
made study of its toxicity and pathologic effects desirable, in order that 
it may be appraised with regard to its health hazards, especially as com- 
pared with the better known insecticide DDT (2, 2-bis [para-chloro- 
phenyl]-1, 1, 1-trichloroethane ). 


EXPERIMENTAL PROCEDURES 

The compound used was a specially purified product, octa-klor,* which was 
supplied by its manufacturer, Julius Hyman and Company, Denver. It is insoluble 
in water and readily miscible in oil. Its toxicity was studied in rats and rabbits. 
Acute toxicity was produced in these animals by administering the compound by 
stomach tube in 1 to 10 per cent solution in olive oil or tween 20.% * Chronic toxicity 
was produced in rabbits by administering the compound similarly, by stomach tube, 
once daily, while in rats it was produced by feeding the compound in varying 
concentrations in a semisynthetic diet containing: casein, 18 per cent; a balanced 
salt mixture, 4 per cent; dried brewers’ yeast, 5 per cent; cod liver oil, 2 per 
cent; olive oil, 8 per cent; starch, 63 per cent. In all cases autopsies were 
performed and sections made of various tissues and organs for microscopic 
examination. DDT was also fed in varying concentrations in the diet 

The extent to which the compound or its degradation products were excreted 
in the urine was studied by the method of organic chlorine determination used in 

From the Experimental Biology and Medicine Institute, National Institutes of 
Health, Bethesda, Md 

1. Kearns, C. W.; Ingle, L., and Metcalf, R. L.: A New Chlorinated Hydro- 
carbon Insecticide, J. Econ. Entomol. 38:661, 1945. 
Frear, D. E. H.: Chemistry of Insecticides, Fungicides and Herbicides, 
New York, D. Van Nostrand Company, Inc., 1948, p. &3. 
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3. Smith, M. I.; Bauer, H.; Stohlman, E. F., and Lillie, R. D.: The Phar- 
macologic Action of Certain Analogues and Derivatives of DDT, J. Pharmacol 
& Exper. Therap. 88:359, 1946. 
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similar studies on the insecticide DDT. Briefly, this consists in extracting the 
acidified urine with ether, dehydrating the ether extract with anhydrous sodium 
sulfate (Na:SO,), evaporating the solvent to dryness, dissolving the residue in 
10 cc. of absolute alcohol, refluxing this at 100 C. for one hour with 1.2 Gm. of 
metallic sodium and titrating for chlorides with M/35.46 silver nitrate (A,NO,) 
and M/35.46 NH,SCN with ammonium ferric sulfate as indicator.* 


RESULTS 


Acute Toxicity in Rats.—The results are shown in table 1. The approximate 
L.D. of chlordan orally administered in olive oil to rats is 200 to 250 mg. per 


Tasie 1.—Acute Toxicity of Chlordan in Rats (Weights, 130 to 400 Gm 


Dose, 
Mg. per Dilution and No. Died 
Kg Diluent No. Used Comment 
Oral administration: 
400 10% in tween 4 * 18/19 Tremors and convulsions, with deaths 
3 2 hours to 10 days 
300 w% in tween 2O* 13/21 Tremors and convulsions, with deathe 
3 hours to 5 days 
7/13 | Tremors and convulsions, with deaths 
il to 5 days 


10% tn tween 2 * 


1% in tween * 
10% in olive oll / Deaths in 2 to 5 days 
10% in olive oi) sf ue Deaths in 1 to 7 days 
10% in Olive oil Death in 30 days 
Intraperitoneal injection: 
None 7 Hyperexcitability, with deaths in 2 to 6 days 


None } Hyperexcitability, with deaths in 5 to 7 days 
None 1 Hyperexcitability, with deaths in 9 to 10 days 


20% in tween 20 § 2 Labored respiration, tremors, convulsions, 
with death in 40 minutes to 6 days 
20% in tween * § a Similar symptoms, with deaths in 1% hours 
to 6 days, 
in tween 20 § Death in 18 days 
% in olive oil 7/ Hyperexcitability, with deaths in 2 to 5 days 


62.5% in olive oil l Death in 5 days 
10% in olive oil 7 Same symptoms, with deaths in 3 to 6 days 
Ww in olive oil Same symptoms, with deaths in 2 to 3 days 
10% in olive ofl / Death in 8 days 


* All of 16 rats given 75 Gm. per kilogram of the diluent alone survived 

* Pulmenary congestion and hemorrhages were the usual postmortem findings in this series, 

t In this series there were usually exudate and adhesions between the abdominal viscera, 
enlarged kidmeys and pulmonary congestion. 

$ Two of 19 rats given 1.0 Gm. per kilogram of diluent alone died in 7 to 19 days with 
adhesions and exudates 


kilogram. This appears to indicate a toxicity ‘slightly lower than that of DDT 
administered under comparable conditions. Dyspnea, labored respiration, tremors, 
convulsions, coma and death are the usual symptoms. The most frequent post- 
mortem findings were ileitis, mottled liver and pulmonary congestion, usually 
with focal hemorrhages 

On intraperitoneal injection the compound appears to be slightly more toxic, 
the L.D.o being about 200 mg. per kilogram. 


4. Smith, M. 1, and Stohlman, E. F The Pharmacologic Action of 2,2- 
Bis(P-Chloropheny!l)1,1,1 Trichlorethane and Its Estimation in the Tissues and 


Body Fluids, Pub. Health Rep. $9:984, 1944. 
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Chronic Toxicity in Rats—When fed in a semisynthetic diet chlordan is con- 
siderably more toxic than DDT. Groups of 12 young male rats weighing 50 to 
60 Gm. were used in these experiments. As shown in table 2, all the animals were 
dead in 10 days when fed 0.1 per cent chlordan or 0.2 per cent DDT in the diet. 
At a chlordan level of 0.05 per cent all the animals were dead within 70 days, 
while all the animals given DDT survived. A dietary concentration of 0.12 per cent 
DDT was required to give a mortality rate approximating that of 0.05 per 
cent chlordan. Under our experimental conditions 0.03 per cent chlordan is the 


Taste 2.—Chronic Toxicity of Chlordan Compared with That of DDT 
in Young Growing Rats 
Mortality, Per Cent with Given Concentration 


Chiordan, Per Cent DDT, Per Cent 
in Diet in Diet 


0.1 0.05 


Dose, 
Mg. Per Dilution and No. Died 
Kg. Diluent No. Used Comment 
Oral administration 
1,000 10°% in olive oil 7/7 Dyspnea, hyperexcitability, tremors, convul- 
sions, with deaths in 3 hours to 4 days 

oo 10% in olive oil 8/11 Same; deaths in 2 “ours to 8 days 
Hn 10% in olive oil 7/9 Deaths in 4 to 31 days 

300 10% in olive oil 5/13 Deaths in 6 to 22 days 
200 10% in tween 2 * 5/6 Dyspnea, hyperexecitability, tremors, convul- 

sions, with deaths in 2 to 4 hours 
Same symptoms, with deaths in 2 to ®% hours 

Intravenous injection: 
20% in tween 20 3/ Dyspnea, 


100 10% in tween 20 * 


tremors, convulsions, with deaths 
in 15 to 30 minutes 

20% in tween 20 Deaths in 7 minutes to 2 days 

20% in tween 0 Deaths in 7 minutes to 4 days 

20% in tween 1/7 Death in 14 hours 


* All of 6 animals given 2.0 Gm. per kilogram of diluent alone showed no visible effects. 


+ All of 12 rabbits given 150 mg. per kilogram of tween ® and all of 3 given 380 mg. per 
kilogram survived. 


highest dietary concentration that young growing rats can tolerate. Even at this 


low concentration there was some interference with normal growth. Under the 
same conditions 0.05 per cent DDT permits normal growth and survival for a 
year or longer. 


Nine of the rats surviving 259 to 270 days (on a diet containing 0.03 per cent 
chlordan) were tested for liver function by the rose bengal clearance method.® 


5. Smith, M. I.; Lillie, R. D., and Stohlman, E. F.: The Toxicity and His- 
topathology of Some Azo Compounds as Influenced by Dietary Protein, Pub. 
Health Rep. 58:304, 1943. 
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In these animals, at the end of one hour the mean plasma concentration of rose 
bengal was 1.6 (standard error, 0.45), with a range of 1.0 to 2.5 me per hundred 
cubic centimeters, In a series of 9 normal control rats of about the same weight 
the mean concentration was 1.0 (standard error, 0.16), with a range of 0.2 to 
1.7 mg., per hundred cubic centimeters. These data suggest slight impairment of 
hepatic function. Similar experiments previously reported with 0.05 per cent 
DDT in the diet gave no evidence of liver dysfunction.* 

Acute Toxicity in Rabbits —The data are summarized in table 3. With chlor- 
dan orally administered in olive oil the approximate L.D..» is 300 mg per kilogram ; 
m tween 20 it is a little over 100 mg. per kilogram. Moreover, the symptoms 
develop much more rapidly when the compound is administered in tween 20. 

On intravenous injection of chlordan in tween 20 the compound is very toxic, 
20 mg. per kilogram being fatal in nearly 74 per cent of the animals (in 17 of 23) 

Chronic Toxicity in Rabbits—The results are shown in table 4. At a daily 


dose level of 200 mg. per kilogram the average L.D..6 of chlordan for the 6 animals 
TABLE 4.—Cumulative Toxicity of Chlordan When Administered Orally in Olive Oil to 


Num 
Daily ber 
Dose, of Number of Doses Required to Kill the Individual Animals of Fach Group 
Mg. per 
Kg mals No.1 No.2 No.3 No.4 No No. 6 No.7 No.8 No.9 No. 11 No. 12 No 


Four animals survived 81 doses 


of this group was 967 mg. per kilogram. At ad dose level of 100 and 50 mg. 
per kilogram, respectively, the average total L.Ls0 tor the two groups was 567 
and 389 mg. per kilogram, respectively. When the daily dose was reduced to 
10 to 20 mg. per kilogram, the average total L.D..« correspondingly fell to 161 
to 188 mg. per kilogram. This indicates a high degree of cumulative action until 
a dose of 5 mg. per kilogram per day was reached, at which point it seems that 
a balance between absorption and elimination of the poison was established. 

Since im rabbits the L.D.o of chlordan given to produce acute toxicity was 
far in excess of the total L.D.so when the compound was given repeatedly in the 
small doses of 10 to 20 mg. per kilogram per day, it seems that the poison is not 
only highly cumulative but that it is also better absorbed when given in repeated 
small doses than when given in a single large dose 

In these chronic toxicity studies the urines were examined systematically at 
regular intervals. It was observed with great regularity that shortly before death 
albuminuria developed and was always present in all the animals that came to 


autopsy, Of the 5 animals receiving 5 mg. per kilogram per day, only the one 


6. Smith, M. L, and Stohlman, FE. F.: Further Studies on the Pharmacologic 
Action of 2,2-Bis( P-Chlorophenyl)1,1,1 Trichlorethane (DDT), Pub. Health 
Rep. 60:289, 1945. 
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that died after 58 doses revealed albuminuria toward the end. None of the sur- 
vivors had albumin in the urine when the experiment was terminated. The 
albumin appearing in the urine was usually the only objective evidence of cumula- 
tive toxicity when the compound was administered in the smaller daily doses 
Since the animals usually died within a few days of the appearance of albumin, 
the test for albumin may be helpful in warding off chlordan poisoning in exposed 
individuals, but it is obviously of limited value, as the albuminuria appears to 
be a terminal event. 
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ORGANIC CHLORINE 
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OAYS 
Organic chlorine excreted in urine in rabbits after oral administration of a 
single dose of 200 mg. per kilogram of chlordan. Data represent averages of 
6 rabbits. Curve 1 represents the daily output of organic chlorine in milligrams, 
the peak of excretion being reached on the second to third day. Curve 2 represents 
the total cumulative output, expressed as per cent of dose administrated, 


Tasie 5.—Organic Chlorine Excreted in Urine in Rabbits After Oral 


Administration of Chlordan 


Organi Chiorine in the First 24 Hour 
Specimen of Urine 


Number Me Pereentage of Dose 
Weight, 
Animals Ke. Range Average Range Average 


5 
4 
4 


Pathologic Oservations.—In rabbits the principal pathologic manifestations were 
focal coagulation necrosis of the liver, fatty and hyaline degeneration of the liver 
cells, degenerative changes in the proximal convoluted tubules, exudates in the 
pulmonary alveoli, bronchioles and larger bronchi, and frequently cellular infitra- 
tion of the intestinal submucosa suggestive of low grade enteritis 

Excretion of Organic Chlorine—The results of the studies of the excretion 
of organic chlorine following the oral administration of a single dose of chlordan 
are summarized in table 5 and the chart. From the data in table 5 it is evident 
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that significant amounts of organic chlorine can be demonstrated in the first 24 hour 
specimens of urine of rabbits receiving as little as 10 mg. per kilogram, a small 
fraction of the lethal dose of chlordan. The figure shows that the peak of excretion 
of organic chlorine is reached in 2 to 3 days after the administration of single 
doses of chlordan, but small amounts persist in the urine for several days there- 
after. The average total elimination appears to be about 18 per cent of the dose 
administered, with a range of 12.6 to 244 per cent in a series of 6 animals. 


COMMENT 


The present experiments indicate that in rats chlordan is somewhat 
less acutely toxic than DDT, the L.D.s59 of the latter having been 
previously reported as about 150 mg. per kilogram,* while the median 
lethal dose of chlordan is about 200 to 250 mg. per kilogram. ‘In rabbits 

j the acute toxicity of the two compounds is very nearly the same} the 
median lethal dose being about 300 mg. per kilogram. The chronic 
toxicity of chlordan when fed to rats in the diet is considerably greater 
than that of DDT. This is perhaps explainable on the basis of greater 
cumulative action. This is well|shown in the rabbits in the present 
chronic chlordan toxicity experiments as compared with previously 
reported experiments with DDT.* : 

A. significant difference is in the persistence of action of the two 
compounds. In DDT poisoning the effects exerted on the nervous 
system, tremors, twitchings and convulsions, dominate the picture. The 
effects develop fairly rapidly, reach their highest intensity in a few hours, 
and if the animal does not die of exhaustion in twenty-four to forty-eight 
hours, recovery is the rule. In chlordan poisoning death may be delayed 
for as long as twenty days. The barbiturates, and especially urethane, 
are effective antidotes in DDT poisoning, tiding the animal over during 
the relatively short critical period of severe involvement of the nervous 
system.* This antidotal action is aided by the detoxification of DDT to 
the acetic acid derivative.’ We have not as yet determined what anti- 
dotal effect barbiturates may have in chlordan poisoning. 


Pathologically, chlordan produces degenerative changes .in the liver 
similar to those of DDT. In addition chlordan also produces deleterious 


effects on the intestinal mucosa and submucosa and degenerative 
changes in the convoluted tubules of the kidneys. 

As in DDT poisoning, organically bound chlorine is excreted in the 
urine of rabbits treated with chlordan. Significant amounts of organic 
chlorine are found in the urine of animals receiving relatively small 
sublethal doses of chlordan—hence the possible value of this test as an 
aid in the diagnosis of suspected poisoning and in warding off incipient 


7. Stohlman, E. F., and Smith, M. L.: The Isolation of Di-(P-Chloropheny!) 
Acetic Acid (DDA) from the Urine of Rabbits Poisoned with 2,2-Bis(P-Chloro- 
pheny!)1,1,1 Trichlorethane (DDT), J. Pharmacol. & Exper. Therap. 84:375, 
1945, 
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poisoning in cases of continued exposure. The test is not specific, how- 
ever, since other chlorinated lipid-soluble organic compounds are likely to 
give similar results. 
SUMMARY AND CONCLUSIONS 

The acute toxicity of chlordan is somewhat lower than that of 
DDT when the compounds are fed to rats in their diet (approximate 
L.D.,;., 250 mg. per kilogram chlordan, 150 mg. per kilogram DDT). 
The acute toxicity of the two compounds is about the same when they are 
fed to rabbits. Death from oral chlordan poisoning may be delayed 
for many days. 

The chronic toxicity of chlordan is considerably greater than that 
of DDT in both rats and rabbits. This appears to be due to greater 
cumulative action of chlordan. 


Like DDT, chlordan when administered continuously to rabbits 
results in focal necrosis of the liver and congestion, edema and exudates 
of the lungs. In addition chlordan produces degenerative changes in the 
intestinal submucosa and in the convoluted tubules of the kidneys. 


Organically bound chlorine is excreted in the urine of rabbits 
receiving chlordan orally, The chlorine test is not specific for chlordan, 
but in the absence of other chlorinated organic compounds it may be used 
as an aid in the diagnosis of chlordan poisoning or in the control of 
incipient poisoning under continued chlordan exposure. 


' 
: 
J 
es 
vik 
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With the Technical Assistance of Arthur J. Fisk 


HE STUDY of the penetration, retention and ultimate fate of 

aerosol particles inhaled or instilled into human and animal lungs 
has been one of recent interest. In the past twenty years numerous 
reports dealing with this problem on theoretic and experimental grounds, 
as well as observations concerning dust hazards in industry, have greatly 
increased knowledge in this field. Direct and indirect observations on 
the filtering efficiency of the human nose' and on the penetration and 


retention of particulate droplets and dusts in the lung *? demonstrate 
that in general the particles greater than 10 to 15 microns in diameter 
are filtered out of the inspired air by the nose, the intermediate-sized 
particles (5 to 10! microns in diameter) impact in the bronchial tree, 
and the smallest particles (below 5 microns in diameter) alone succeed 


From the Toxicology, Pathology and Aerosol Sections of the Medical 
Division, Army Chemical Center, Md 


1. Rooks, R.: The Bacterial Filtering Efficiency of the Human Nose, Am. J. 
Hyg. 30:7, 1939. Tourangeau, F J., and Drinker, P.: The Dust Filtering 
Efficiency of the Human Nose, J]. Indust. Hyg. & Toxicol. 19:53, 1937. Drinker, P.: 
The Size Frequency and Identification of Certain Phagocytosed Dusts, ibid. 7: 
305, 1925. Landahl, H. D., and Black, S Penetration of Air Borne Particulates 
Through the Human Nose, ibid. 20:269, 1947. 


2. (a) Landahl, H. D., and Tracewell, T.:. Penetration of Air Borne Par- 


ticulates Through the Human Nose, J. Indust. Hyg. & Toxicol. 31:55, 1949. (b) 
Findeisen, W Ueber das Absetzen kleiner, in der Luft suspendierter Teilchen 
in der menschlicfen Lunge bei der Atmung, Arch. f. d. ges. Physiol. 236:367, 
1935. (c) Sayers, R. R., and Jones, R. R Silicosis and Similar Dust Diseases, 


Pub. Health Rep. 85:1453, 1938 (¢) Van Wijk, A. M., and Patterson, 
H. S The Percentage of Particles of Different Sizes Removed from Dust 
Laden Air by Breathing, J. Indust. Hyg. & Toxicol. 22:31, 1940. (e¢) Hatch, T.. 
and Hemeon, W. C. L Influence of Particle Size in Dust Exposure, ibid. 30: 
72, 1948. (f) Landahl, H. D., and Herrman, R. G On the Retention of Air- 
Borne Particulates in the Human Lung, ibid. 30:181, 1948 
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in penetrating to the alveoli. Alveolar retention is intimately related 
to particle size. The largest particles that enter the alveoli tend to 
be retained, while those smaller than | micron in diameter are exhaled 
in considerable percentage.** Microscopic studies of the lungs of dogs 
previously exposed to a dust of an easily visible metallic compound * 
have experimentally corroborated the previously cited observations on 
the locus of impaction of particles of various sizes. Particles 6 microns 
or larger in diameter did not reach the alveoli, while those less than 1 
micron in diameter were seen there in great numbers. These studies 
also demonstrated that the highest concentration of impacted particles 
was seen in the terminal bronchioles, with only a small percentage 
of the total being found in the alveoli. Impaction of the dust particles 
was noted to be highest on the surfaces opposing the air flow. In 
summary, to quote Hatch and Hemeon * on this problem, “the depth 
of penetration . . . [into the lung] . . . increases with decreasing 
particle size, while the percentage of retention increases with 


[increasing] . . . size.” Therefore, it may be expected that a cloud 
‘of particles 5 microns or less in diameter would be the most practical 


for use in studying the retention of aerosol particles in the finest 
subdivisions of the respiratory tree. 
In the past nebulized oils have been found to be useful for studying 
the behavior of mists. The hydrophobic nature of oils, as well as the 
s absence of the phenomena of evaporation, enables accurate studies of 
the physical and physiologic behavior of these mists to be performed. 
However, the oils do not have entirely innocuous effects on the lungs. 
Lipid pneumonia, first described by Laughlen,* is a well recognized 
clinical entity. Careful pathologic and experimental studies * have dis- 
closed that intratracheally administered vegetable oils when free of such 
irritants as occur naturally in chaulmoogra or croton oils exert no 
specific pathologic effects. However, animal oils, such as cod liver oil, 
have an immediate and specific irritating and necrotizing action on 
lung parenchyma. Highly refined liquid petrolatum (“mineral oil’) 
behaves as a bland foreign body, stimulating the appearance of numerous 
macrophages. If localized pneumonitis occurs as a sequel to the pres- 
ence of this oil, polymorphonuclear cells are seen, followed by localized 


3. Gerard, R. W., and others: Unpublished report 

4. Laughlen, G. F.: Studies on Pneumonia Following Naso-Pharyngeal Injec- 
tions of Oil, Am. J. Path. 1:407, 1925. 

5. (a) Pinkerton, H.: Reaction to Oils and Fats in the Lung, Arch. Path. 
§:380 (March) 1928; (b) Oils and Fats: Their Entrance into and Fate in the 
Lungs of Infants and Children: A Clinical and Pathologic Report, Am. J. Dis. 
Child. 33:259 (Feb.) 1927. (c) Graef, I.: Studies in Lipid Pneumonia, Arch. 


Path. 28:613 (Nov.) 1939. 
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fibrosis. Similar results were reported for animals that had been exposed 
to mists of less refined “mineral oils” for extended periods.” 

The major response of lung parenchyma to insoluble foreign solids 
and liquids is phagocytosis. This has been demonstrated to occur with 
great rapidity after aspiration of large volumes of liquids * or particulate 
dispersions of solids and liquids.* An indication of the speed with 
which this phenomenon can occur is the finding of Gerard and asso- 
ciates,* who noted complete phagocytosis of all particles retained in dog 
lungs twenty-four hours after the animals were exposed to a metallic 
dust. It has also been observed that the removal of oil aspirated after 
intratracheal instillation is a slow process. However, a survey of the 
fate of various types of particulate oils retained in the lungs has not 
been reported as yet. 


EXPERIMENTAL 


STUDIES 


Materials and Equipment—Corn oil (mazola®*), peanut oil (Planter’s), cod 
liver oil U. S. P., liquid petrolatum (nujol®) and motor oil (Esso-SAE #10) 
were nebulized in a standard glass vaponephrin® nebulizer. The air source was 
a compressed air line, stabilized by reduction valves to 15 pounds of pressure and 
giving an output of 5.8 liters per minute. The nebulized oil was directed inte 
two 1 liter mixing bowls connected in series and then was used for the animal 
exposure tests. Continuous flow (dynamic chamber) type experiments were 
; performed throughout this work. The cascade impactor '® with dry film slides 
was used for all determinations of mass median diameter and mist concentrations. 
This apparatus was used in conjunction with an orifice of 17.5 liters per minute 
and was backed by two glass wool filters. No detectable oil was found in the 
} second filter. Mass median diameters were calculated by the method of May '* 
in the usual manner. The impactor was calibrated with corn oil, corn oil with 
50 per cent methyl salicylate, peanut oil and motor oil (SAE #10). Calco Oil 
Blue ZA ™ was dissolved to saturation in the oils |for determinations of concen- 
tration. Each of the slides and filters was washed with 10 cc. of carbon tetra- 
chloride, and the concentration of the dissolved {lye was read in a Coleman 
spectrophotometer at a wavelength of 625 angstrom units, a known quantity of 
dyed oil dissolved in carbon tetrachloride being used as a standard. 

In the animal experiments, Carworth Farms albino mice, males and females, 
varying from 25 to 35 Gm. in weight were used.| In the short term studies a 


total of 18 mice, exposed in groups of 6, were exposed to each oil mist for two 


hours in a 6 channeled manifold with openings 1 inch (2.5 cm.) in diameter, 

6. (a) Lushbaugh, C. C., and Cannon, P. R.: Toxicity and Incidence of Lipid 
Pneumonia upon Inhalation of Automobile Oil Clouds (SAE #10): Unpublished 
report. (hb) Lushbaugh, C. C.; Redemann, C. E., and Savit, J.: The Intra- 
pulmonic Accumulation and Effect of Inhaled Lubricating Oil and SGF 41 Oil in 
Monkeys: Unpublished report. 


7. Pinkerton.*® Graef.* 


Gerard and others." Lushbaugh and Cannon.*® Lushbaugh and others.®” 
9. Pinkerton®> Lushbaugh.*> 


10. May, K,. R.; Cascade Impactor, J. Sc. Inst. (Brit.) 22:187, 1945 


11. This product was obtained from the Calco Chemical Division, American 
Cyanamid Company, Bound Brook, N. J. 
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restrained so that their noses were directed into the aerosol stream. Two of 
each group of 6 were then killed (by crushing the cervical spine) at the following 
three intervals: (1) immediately after exposure to the mist, (2) forty-eight 
hours later, (3) ninety-six hours later. The lungs were removed intact and fixed 
in 10 per cent formaldehyde solution. One lung of each mouse was embedded in 
10 per cent gelatin solution, and frozen sections, 15 microns in thickness, were 
cut and stained with osmic acid for the detection of oil droplets. The other lung 
was embedded in paraffin, and sections obtained from this specimen were stained in 
duplicate with hematoxylin and eosin, and azure blue and eosin. 


Taste 1—Mortality of Mice 


Number of Total Total Hours Survivors 
Mice Days of of Mist ce - — 
Oil Used Exposed Experiment Exposure Number Percentage 
Liquid petrolatum I 28 
Liquid petrolatum II.. 27 
Corn oil I. 23 
Corn of] I 27 
Peanut oil 1... 
Peanut oil Il.... 
30 
23 


AW 


o 


Cod liver ofl I..... 
Cod liver oil IT... 


o 


Taste 2—Mass Median Diameters and Concentrations of Oil Mists Used 


Slide Mass 
Median 
Slide Concentration, Diameters, Cloud 
Per Cent Mierons Mass, 
- Cloud, Gm. per 
Oil Used D Filter B M.M.D.* Cu. M. 
Corn oi).. 15.97 40.28 29.86 6.38 3.88 2.6 12.6 
Peanut oil.. 21.20 34.20 27.80 5.88 3.3 . 24 10.6 
Cod liver oil 21.35 45.30 18.78 Not ‘ . 2.5 11.2 
done 
Liquid petrolatum.... 41.67 Not N 2. 4.50 
done 
SAE #10. 20,00 19.02 41.9% 5.04 4.33 
Corn with 0% 
methyl salicylate... 20.00 19.00 42.00 4.75 57.1 
Average... nd 16.65 18.62 40.98 3.75 5.00 


* M.M.D. stands for mass median diameter. 


The mice studied for the effects of prolonged exposure were subjected to 
inhalation of the various nebulized oils in groups of 3 to 8 in a 1 liter Erlenmeyer 
flask for periods varying from four to eight hours a day five days a week and 
were killed immediately after the last exposure. The mists were directed to 
the base of the flask via 4 inch (6 mm.) tubing and allowed to escape through the 
mouth. The duration of these experiments ranged from two weeks for one series 
to approximately one month for the remainder. Table 1 summarizes this informa- 
tion. The lungs of these mice were prepared for histologic study as previously 
described. 

Results —The mass median diameters of the mists used, summarized in table 
2, ranged between 2.1 and 2.7 microns, averaging 2.5 microns. [he absénce of 
any measurable concentration of oil on slide A of the cascade impactor is good 
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evidence that all of the particles of the largest diameters were filtered out of the 
generated mist. Despite the variations in specific gravity and viscosity of the oils, 
there was no significant difference in the mass median diameters obtained. It 
was our impression, however, that as the viscosity decreased, the concentration 
of the mist increased. This is well demonstrated when comparing the concentra- 
tions obtained with corn oil and corn oil containing 50 per cent methyl! salicylate, 
which decreased the viscosity of the corn oil markedly. 

Though osmic acid stains only oils with unsaturated bonds (as found in vegetable 
and animal oils), mineral and motor oil droplets greater than 1 to 2 microns in 
diameter could easily be discerned as light gray, translucent droplets against 
the deeply stained lung parenchyma. Those of smaller diameter were often 
visible, but we are certain that many of these droplets, under 1 micron in diameter, 
were not detected. It is felt, however, that this unavoidable error did not handicap 


Fig. 1.—Frozen section of a control mouse lung stained with osmic acid 


(x 304.5). -~Note the groups of small dark bodies that may be confused with 
osmic acid=stained oil. 


to any major extent the investigation of the fate and the effect of these oils in 
the mouse lung. 

Figure 1 is a reproduction of small, usually intracellular bodies that stain 
black with osmic ‘acid and are easily confused with oil droplets in this type of 
preparation. They were seen infrequently and were apparently associated with 
recent aspiration of blood, such as-may occur agonally in mice after the cervical 
spine has been crushed. They represent, in one author’s opinion (M. S.), lipid 


rich platelets. The experienced observer has no difficulty in: differentiating between 


them and osmic acid-stained oil droplets. The osmic acid-stained sections of 
the lungs of the mice exposed to the mists for two hours disclosed great individual 
variation in the concentration of retained oil. In a group of 6 mice exposed to 
corn oil mist for six hours and killed immediately afterward, 3 showed very 
heavy retention of the oil, 2 only moderate retention, and the sixth only very 
light retention. Similar results were obtained in a group of 6 mice exposed to 
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motor oil for two hours and killed ninety-six hours later. In an effort to 
minimize this individual variation as much as possible, only those lung sections 
showing the heaviest concentrations of oil retention were.used for comparative 
observations concerning the fate of retained droplets. 


NT 
Fig. 2.—A, frozen section of mouse lung stained with osmic acid (x 304.5). 
This animal was exposed to a corn oil mist for two hours and was killed immediately 
afterward. Note that the concentration of black spherical oil garticles is almost 
entirely limited to the areas in and around the terminal bronchiole and alveolar duct. 
B, frozen section of mouse lung stained with osmic acid (x 3045). This 
animal was exposed to a corn oil mist for two hours and put to death immediately 


afterward. Note that the impaction of the black spherical oil droplets is limited 
to the alveolar duct wall opposing the air stream. 
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The heaviest concentrations of impacted particles were in and around the 
terminal bronchioles and alveolar ducts, giving the section a distinctly spotty 
appearance. Many areas would be completely bare of particles, while adjacent 
tissue would show heavy concentrations. Figure 2.4 demonstrates a moderately 
heavy concentration of black-stained corn oil droplets in two alveolar ducts, while 
the adjacent alveoli contain little visible oil. In figure 2B it will be noted that the 
corn oil droplets which were directed through a terminal bronchiple have impacted 
against the opposing wall of an alveolar duct. This observation, made in many 
sections, demonstrates that the particles impact on the surfaces that oppose the air 
flow. 

So far as gross anatomic localizations are concerned, the general distribution 
of the particles was even, so that the apexes, bases and subpleural areas all showed 
essentially equal concentrations. The subpleural areas, however, consisting mostly 
of alveoli, seemed heaviest in small droplets while the bronchi and bronchioles 
captured the majority of the larger ones. Therefore, a statistical analysis of 
the localization of impacted droplets of various sizes was made. 


Approximately 
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PARTICLE DIAMETER IN MICRONS 


Fig. 3.—Distribution of corn oil particles retained in the lungs of mice according 
to the locus of impaction. 


4,000 particles, both intracellular and extracellular, were measured and counted 
in sections of the 6 lungs showing the highest concentrations of droplets from 12 


mice exposed to corn oil mist and killed immediately afterward. The particles 
counted were equally apportioned between the following three sites: (1) bronchi, 
(2) terminal bronchioles and alveolar ducts, and (3) alveoli. The median 


diameters and mass median diameters of the droplets retained in these sites were 
obtained and averaged. The considerable number of droplets below the resolving 
powers of the magnification used (440 x) would, if considered, greatly modify 
the median diameters calculated, but would have little effect on the mass median 
diameters. Since there was adequate lung dispersion of the individual retained 
droplets counted, the error due to coalescence or aggregation of these droplets 


(as may be found when droplets are in too close proximity) is minimal. Figures 
3 and 4, which summarize the data obtained, demonstrate that the smallest particles 
were by far the most numerous among all those retained. Eighty per cent of 
the retained particles were 2.5 microns in diameter or less. The less frequently 
seen larger particles, however, contributed the greatest portion of the retained 
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mass, as is demonstrated in table 3. The largest particles seen in the alveoli were 
6.0 microns in diameter, the largest noted in the terminal bronchioles and alveolar 


ducts were 10.0 microns in diameter, and particles 16.5 microns in diameter were 
the largest found in the bronchi. 


Since the values for specific gravity and particle sizes of all the oils studied 
were essentially the same, it is probable that all of.the other oils would impact 
in the lungs in a statistically similar fashion. Gross inspection of the lungs 
exposed to the other oil mists confirmed this. 


Taste 3.—Sizes of Corn Oil Droplets Retained in Various Portions 
of the Lungs of Mice 


Median Mass Median Maximum 
Diameter Diameter Diameter 


Bronchi........ e 16 7.1 16.5 
Terminal bronchioles and alveolar ducts 1.2 4.6 10.0 
0.8 2.9 6.0 


Two Hour Exposure Series: Sections of the lungs of mice exposed to the 
various oil mists for two hours disclosed immediate and vigorous phagocytosis of 
the retained particles. This active engulfment of the droplets was observed in 
mice killed immediately after exposure and was essentially completed within forty- 
eight hours. However, a few free droplets were occasionally noted in the ninety- 
six hour sections. 


BRONCHI 
80 BRONCHIOLES AND ALVEOLAR DUCTS | 
ALVEOLI 


2.09- 292- 3.76- §43- 627- 
292 3.7% 487 $43 627 7.10 


PARTICLE DIAMETER IN MICRONS 


Fig. 4.—Distribution of corn oil particles retained in three loci of mouse ' 
lungs for given particle sizes. 


Except for the presence of a few macrophages, no inflammatory changes were 
seen in the lungs of these mice. Only 2 mice died of natural causes, both in the 
liquid petrolatum (“mineral oil”) group. One died one day after exposure, and 


the other, two days afterward. Sections of the lungs of the second mouse dis- 
closed no inflammatory changes. 


Long Term Exposure Series: Osmic acid-stained sections of the lungs of mice 
killed after long term exposures disclosed a heavy retention of oil particles in 


all, with the general distribution of the impacted particles the same as previously 
described for the short term series. There was much less variation in the con- 
centration of the particles retained from mouse to mouse, and all the animals 
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in each group demonstrated a retention of oi! deemed adequate to elicit a local 
foreign body response of the lung parenchyma. 

The liquid petrolatum and motor oil lungs presented a striking accumulation 
of droplets of all size ranges in all subdivisions of the respiratory tree. A large 


Fig. 5.—A, mouse lung stained with hematoxylin and eosin (x 304.5). This 
mouse was exposed to a motor oil mist for a total of ninety-two hours in a thirty 
day period. Note the large clump of pale-staining, vacuolated macrophages block- 
ing the lumen of a small bronchiole. Other macrophages are seen on the epithelial 
surface of the other bronchioles. 

B, frozen section of mouse lung stained with osmic acid (x 304.5). This 
mouse was exposed to a refined liquid petrolatum mist for a total of eighty-four 
hours in a twenty-eight day period. The arrows point to some of the free 
and phagocytosed droplets (staining light gray) in the alveoli. 
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number of giant droplets (30 microns and larger in diameter) were seen inter- 
spersed in all anatomic locations, in all probability formed by the coalescence of 
many smaller droplets. Most of the various-sized droplets described were in 
macrophages, but a considerable number were seen free in the alveoli and bronchial 
subdivisions, more than could be expected after the terminal four hour exposure. 
The highest concentration of the retained droplets was seen in and around the 
terminal bronchioles and alveolar ducts. The exceedingly numerous macrophages 
were swollen with droplets of oil, which in many instances displaced most of the 
cytoplasm. When examined after being stained with hematoxylin and eosin or 
azure blue and eosin, they were seen as vacuolated cells, most abundant about 
the respiratory bronchioles, alveolar ducts and vessels. They were also seen in 
large numbers in the walls of the alveoli, and in many instances they greatly 
decreased the lumen of the alveolar sac. Complete occlusions of the smallest 
bronchioles and alveolar ducts were occasionally noted as demonstrated in figure 
5 A, while partial blocks were frequently seen. Figure 5B demonstrates intra- 
cellular and extracellular droplets of liquid petrolatum in alveoli with subsequent 
narrowing of the available air space. One of the mice that died during prolonged 
inhalation of a liquid petrolatum mist had patches of acute inflammatory changes 
in the lung, characterized by alveoli and bronchioles containing polymorphonuclear 
cells associated with large numbers of vacuolated macrophages. A Weigert stain 
of this section demonstrated that in the involved areas the elastic tissue of the 
alveoli was essentially intact. The findings described are consistent with the 
diagnosis of acute lipid pneumonia. Several of the lungs of the survivors in 
the liquid petrolatum group also showed scattered small patches of lipid pneumonia. 

A similar macrophagic response occurring with occasional small patches of 
lipid pneumonia was also seen in the motor oil series, though to a somewhat 
lesser extent than in the liquid petrolatum group. Figure 6 shows medium and 
high power views of a focal area of lipid pneumonia, demonstrating the cellular 
components of these areas. The locations of the widely distributed macrophages 
were the same as described for liquid petrolatum, and these cells were seen free 
in the alveolar sacs and bronchioles, within the alveolar walls and on all epithelial 
surfaces. They were, again, most numerous in and around the terminal bronchioles 
and alveolar ducts and in the perivascular tissue. As with liquid petrolatum, a 
disproportionate number of free droplets were identified in the tissue. 

The lungs of the mice exposed to cod liver oil mist disclosed an unexpectedly 
high concentration of retained oil droplets, including the very large droplets of 
coalescence as seen in figure 7. This high concentration of retained oil was 
unexpected in view of the rapid disappearance of the droplets noted previously 
in the short term studies and can in part be explained by the significantly greater 
proportion of hours of exposure given this group. This was done to assure an t 
adequate retention of the only oil used that was definitely known to give a specific 
local irritating effect. The impaction sites of the cod liver oil droplets were 
identical with those previously noted for the liquid petrolatum and motor oil 
droplets, being highest in and around alveolar ducts and respiratory bronchioles, 
with the great majority phagocytosed in macrophages. These macrophages, though 
as numerous as those found in the lungs exposed to liquid petrolatum, were not 
engorged to the same swollen degree, and many when seen in azure-eosin stain 
contained no vacuoles, The location of the macrophages was the same as described 
for the liquid petrolatum series. Inflammatory changes were minimal, but there were 
small focal areas of pneumonitis, crowded with macrophages and polymorpho- 
nuclear cells, scattered throughout the lungs, associated in many instances with 
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the smaller bronchioles, but this pathologic response was less impressive than that 
noted with the liquid petrolatum. 


The lungs of the mice exposed to the peanut oil mist retained a good deal less 


oi! than was seen in the other oil groups. Most of these droplets were in 


Fig. 6—A, mouse lung stained with hematoxylin and eosin (x 304.5). 
mouse was exposed to a motor oil mist for a total of ninety-two hours in a 


This 
thirty day period 
filled with exudate. : 

RB, higher magnification of the area of exudate demonstrated in A (x 701). 


Note the large number of focal clumps of polymorphonuclear cells intermingled 
with the larger, vacuolated, pale-staining macrophages 


Note the consolidated portion of lung with obscured alveoli 
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macrophages, and relatively few giant droplets were noted. After staining with 
hematoxylin-eosin and azure blue-eosin the lungs disclosed some slight thickening 
of the alveolar walls and a moderate increase of the number of macrophages, 
most of which were nonvacuolated. These cells were seen scattered throughout 
the lungs in no definite distribution. A slight increase of the number of poly- 
morphonuclear cells was noted throughout the lungs, again in no definite distribu- 
tion. 

The corn oil series of lungs demonstrated the least amount of retained oil. As 
in the other groups, most of the retained droplets were in macrophages, with only 
comparatively few free droplets being found. Most of these extracellular droplets 
could be accounted for by the terminal four hour exposure. Only occasional giant 
droplets were seen. Except for a slight increase of the number of macrophages, 
without definite localization, no inflammatory changes due to the corn oil were seen. 

Because of the mildness of the inflammatory response to cod liver oil in these 
experiments, the possibility of species difference in reaction to the oil was investi- 


Fig. 7.—Frozen section of mouse lung stained with osmic acid (x 281). . This 
mouse was exposed to a cod liver oil mist for a total of ninety-two hours in a 
twenty-three day period. Note the high concentration of droplets (stained black) 
retained, especially in the area of the alveolar duct in the lower left corner. 


gated. Three rabbits were given 3 cc. of the same cod liver oil used in the aerosol 
experiments, intratracheally via a catheter, directed to a localized area of the lung. 
One rabbit was found dead the next morning, and pneumonia of all lung fields 
was demonstrated. The other two were killed twenty-four hours after the 
instillation of oil and the portions of the lungs to which the oil was localized 
were removed for microscopic study. AIl‘3 specimens were prepared in the 
manner described for the mice. Microscopic examination of the osmic acid—stained 
sections demonstrated coarsely dispersed cod liver oil throughout most of the 
bronchi and bronchicles and in many alveoli. Under azure blue-cosin and hema- 
toxylin-eosin stain all 3 lungs demonstrated varying degrees of an inflammatory 
response to the aspirated oil. Typically there was an abundance of fibrinopurulent 
exudate in the alveoli and bronchioles. In focal areas the exudate was very 
notable within the alveolar walls and in the peribronchial interstitial tissue. 
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Two rabbits were then expused to the cod liver oil mist for a total of sixty 
hours in a fourteen day period, after which they were killed and prepared for 
microscopic study in the same manner. Sections taken from the apexes, midportions 
and bases of the lungs showed the typical impaction of retained droplets as 
described for the mice, in moderate concentration, though the total amount was 
deemed adequate to excite a response. Microscopic examination of the hema- 
toxylin-eosin and azure blue-eosin sections showed only mild reaction, consisting of 
widespread areas of interstitial accumulation of macrophages with a few polymor- 
phonuclear cells interspersed. j 

Acid-fast stains were made of all lung sections, both mouse and rabbit, that 
contained cod liver oil. All sections contained acid-fast “membranes” as described 
by Pinkerton % and Graef.*e In the lungs of the animals, both mice and rabbits, 
exposed to the nebylized oil, many completely acid-fast droplets were noted within 
the macrophages themselves. 

To investigate the possibility that the apparent loss of necrotizing action of the 
oil after nebulization might have been due to its having become oxidized during its 
particulate subdivision, iodine numbers were determined before and after nebu- 
lization. No significant difference was found between the two samples. 


COMMENT 


These studies demonstrate that the mouse lung is particularly wel! 
suited for microscopic study of pulmonary retention of aerosols, since 
an entire sagittal or coronal section can easily be mounted on a slide. 
All gross and microscopic anatomic divisions can be studied with respect 
to areas and concentrations of particulate impaction. There is only a 
slight discrepancy between the dimensions of the alveoli and the terminal 
bronchioles in mouse and man, as is readily seen by comparing sections 
of the lungs of the two species. | The size distribution of the particles 
retained in the alveoli of the mice studied in this experiment agree well 
with those found in the previously cited investigations, which had 
included experiments performed on mice, ddgs and monkeys, as well 
as indirect observations on human subjects. Wilson and LaMer,'* in 
a recent study of particulate retention in man, have shown that maximum 
alveolar retention of particles is found with particles ranging between 
0.6 and 2.0 microns in diameter, Our finding of 0.8 micron as the 
median diameter for particles retained in mouse alveoli agrees well with 
their distribution range. Therefore, we feel that the results of studies 
of this type performed on mice can be applied to-man. 

Referring again to figures 3 and 4, we find there that the major 
portion of the total mass of particles retained in all divisions of the 
respiratory tree was supplied by the few particles of the maximum 
size ranges that impacted in the various divisions enumerated. Thus, a 
few droplets 5 to 6 microns in diameter would deliver more mass to 


12. Wilson, I. B., and La Mer, V. K.: The Retention of Aerosol Particles in 
the Human Respiratory Tract as a Function of Particle Radius, J. Indust. Hyg. & 
Toxicol. 30:265, 1948. 
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an alveolus than several hundred 1 micron particles, since the volume 
of a sphere varies directly with the cube of its diameter. This is impor- 
tant to bear in mind, for often, when we are not specifically and 
primarily interested in the surface action of these particulate substances, 
the total mass of a nebulized material delivered to the lung tissue is the 
prime consideration. Therefore, from this point of view, an ideal mist 
to be offered to a subject would consist of particles with diameters in 
the upper limits of the sizes that will penetrate in significant numbers 
to the area of the lung to which we wish them delivered, for not only 
will they tend to be retained in higher percentage as contrasted with 
smaller sizes but they will also deliver much more mass to this lung 
division. 

It has been previously noted in these and other observations * that 
the great majority of the retained droplets were impacted on the sur- 
faces that were in opposition or resistance to the air stream. Since the 
terminal bronchioles and respiratory ducts contain the most surface area 
as well as the narrowest lumens of the lung airway, they offer the 
greatest interposing surface for the impaction of inspired droplets and 
therefore capture the highest concentration of droplets. Only the smaller 
droplets (below 6 microns in diameter) were found able to negotiate 
this prealveolar filter to enter the alveolar sacs, while the largest par- 
ticles that penetrated the nose were retained in the bronchi, probably 
influenced as much by sedimentation as by simple impaction. 

Oil mists were found to be eminently satisfactory for this work, 
since particulate oils are as easily detectable in lung sections as in the 
cascade impactor. Since oils are relatively inert, nonhygroscopic and 
lacking in significant vapor pressure, particle counts could be made at 
leisure without special precautions. The fact that they do not immedi- 
ately irritate the upper and lower respiratory tracts enables optimum 
study of the pulmonary impaction phenomena, since there is a minimum 
of induced reflexes such as voluntary apnea or induced bronchocon- 
striction. Being insoluble, they permit accurate and prolonged studies 
to be made on the fate of the easily detectable particles in mice lungs. 
As was previously described under “Results,” there are only relatively 
minor pathologic changes to be found in the lungs of mice which have 
heen exposed for long periods to liquid petrolatum mists and negligible 
changes after they have been exposed to the edible vegetable oils, while 
the changes associated with cod liver oil fall somewhere between. Except 
for a slight macrophagic response, no inflammatory changes result in 
the lungs of mice exposed to these mists for only a few hours. Except 
for the cod liver oil effects, this agrees well with the previously cited 
work. Since the only difference between the oil administered as an 
aerosol and that given directly by intratracheal instillation is in the local 
concentration in the lung, the difference in the effects of cod liver oil 
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might be due simply to a difference in the quantity of oil needed to elicit 
such an inflammatory response in the lung. 

The appearance of oil droplets in the lungs, no matter which oil 
was used, immediately stimulated the appearance of macrophages. 
Phagocytosis of these droplets was essentially completed within forty- 

eight hours after a short exposure. Since polymorphonuclear cells 
appeared in numbers only when there was an associated secondary 
infection, as often occurs after blocking of a small bronchus, this invasion 
of macrophages may be considered as only a response to a bland foreign 

body, with the oil concentrations used in this work. 
In the short term studies reported, the eventual fate of the edible 
oils differed from that of the liquid petrolatum in that the former dis- 
appeared progressively from the lungs, so that by ninety-six hours after 
exposure only a fraction of the original concentration remained, while 
the concentration of the) liquid! petrolatum and motor oil droplets 
remained constant. This phenomenon was duplicated in the mice exposed 
to oils for extended periods in that the observed concentrations of the 
liquid: petrolatum and motor oil |droplets were much higher than the 
concentrations of , the vegetable and cod liver|oils. The unexpected 


number of free drpplets seen in all the lungs in this series of long term 


exposures may be'due to the inability of the bland oil particles to stimu- 


late a high macrophagic response such as would be seen with highly 


irritating substances. The macrophages tended to group around the 
vesselk and smaller bronchioles, which would donfirm the presence of 


lymphatic transport of the engorged phagocytes! However, because of 
the differences noted in the final concentrations of the edible and the 
inedible oils after the short exposure, it must be concluded that lymphatic 
transport alone is not an adequate explanation for the eventual fate of 
these droplets, and does not account for the discrepancy noted. Guieysse- 


Pellissier '* has postulated considerable lipase activity of the lung on 
the basis of his findings after instilling olive oil in the tracheas of rabbits 
and dogs. He noted that when carmine-stained oil was ingested by lung 
macrophages, the oil disappeared while the carmine particles remained 
behind, demonstrating a lipolytic activity in these cells relative to this 
edible vegetable oil. Our findings lead us to agree with this postulate, 
since the only .difference between the phagocytosed liquid petrolatum 
and edible oils is in their susceptibility to lipolytic ferments. Thus, 


the edible oils would be lipolysed and would disappear from the macro- 
phages during the period of observations, while the liquid petrolatum, 
being resistant to enzymatic destruction, would remain, being subject 
only to slow removal via the lymphatic channels. 

13. Guieysse-Pellissier, A.: Recherches sur l'absorbtion de I’huile dans le 
pulmon, Compt. rend. Soc. de biol. 83:809, 1920. 
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SUMMARY AND CONCLUSIONS 


The general dispersion of droplets of oil retained in the lungs of 
mice after these animals had been exposed to mists of particulate liquid 
petrolatum, motor oil, cod liver oil, peanut oil and corn oil, the particles 
having average mass median diameters of 2.5 microns, was found to be 
even from apex to base and hilus to pleura. 

The individual concentration of the retained oil particles varied 
greatly among groups of mice handled in identical fashion. In each 
lung the highest concentration of particles was in and around the termi- 
nal bronchioles and alveolar ducts. 

In a statistical analysis of the distribution and the size of corn 
oil particles retained in the lungs it was found that 80 per cent of all 
the particles retained in all areas of the lung were 2.5 microns or less 
in diameter. The median diameter, the mass median diameter and the 
maximum diameter of the particles retained in the bronchi, terminal 
bronchioles and alveolar ducts, and alveoli were determined. 

Oil droplets penetrating into the lung are immediately phagocytosed. 
This process is essentially completed within forty-eight hours after 
aspiration of oil mists except after prolonged exposures varying from 
two to four weeks, when large numbers of free droplets are seen in the 
lungs. 

The initial concentrations of retained oil droplets of all of the oil 
mists used were similar. However, during a ninety-six hour period of 
observation, the concentrations of the edible oil droplets (corn, peanut 
and cod liver oils) decreased progressively, while the concentrations 
of the liquid petrolatum and motor oil droplets remained essentially 
unchanged. 

Except for the appearance of scattered macrophages, no acute inflam- 
matory changes were seen in the lungs after a two hour exposure to the 
oil mists within a ninety-six hour observation period. 


After heavy exposures, for periods extending from two to four weeks, 
liquid petrolatum and motor oil droplet retention resulted in localized 
foreign body reactions of moderate severity as well as infrequently 
occurring patches of lipid pneumonia. Cod liver oil droplets caused a 
moderate foreign body reaction. There were only negligible reactions 
to peanut and corn oil droplets. 


Dr. Stanley H. Durlacher gave frequent helpful consultation on pathologic 
interpretation. Mrs. Frieda Eisenberg calculated the median particle size of 
retained corn oil droplets. Miss Gabrielle Asset reviewed the aerosol data. 
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RETENTION OF VAPORS AND GASES IN THE HUMAN 
NOSE AND LUNG 


H. D. LANDAHL, Ph.D. 
AND 
R. G. HERRMANN, Ph.D. 
CHICAGO 


, FORMULATIONS of the problem of the gas exchange of the 
respiratory barrier it is generally assumed that the gas exchanged 
is in equilibrium with the gas in solution except for the “dead air 
space.” + The experiments described in the following pages were carried 
out as part of a program to evaluate the factors involved in this aspect 
of the gas exchange problem. Our study may also be considered as 
extending the investigation of particulate retention? to particles of 
molecular size. The results obtained from experiments of this kind may 
be useful, for example, in the assessment of the hazard of an inhaled 
gas. Measurements have been made of the percentages of selected vapors 
and gases retained in the respiratory passages of human subjects under 
various experimental conditions. Alcohol and acetone vapors and 
ammonia and hydrogen cyanide gases were us¢d in this study. 


METHODS 


A continuous supply of vapor or gas of a desired concentration was maintained 
by passing the vapor or the gas at a constant rate into a flask (/ in the figure) into 
which a jet of air was flowing with high velocity. To insure mixing, the mixture 
was passed through a jet into a second flask (//).' From there the mixture was 
allowed to pass into a Y tube (///) or out through an exhaust. The total amount 
of air and vapor or gas was always more than enough to supply the amount 
sampled, so that a low positive pressure was maintained in the Y tube. 

From one side-arm (Vl, figure) of the Y tube (///) a small glass tube led 
to the control bubbler (/X). Behind the bubbler was a critical pressure orifice 
(XII), two valves in series (XV, XVI), and a large capacity pump capable of 
maintaining the pressure below one-half an atmosphere during sampling. Another 

The work described in this paper was done under contract between the Medi- 
cal Division, Chemical Corps, United States Army, and the University of Chicago 
Toxicity Laboratory. Under the terms of the contract the Chemical Corps neither 
restricts nor is responsible for the opinions or conclusions of the authors. 

1. Henderson, Y.: The Absorption and Elimination of Volatile Substances 
Through the Lungs: Anesthesia, Poisoning by Gases and Vapors in Industry, 
Treatment of Asphyxia, Brit. M. J. 1:41, 1926. 

2. Landahl, H. D., and Herrmann, R. G.: On the Retention of Air-Borne 
Particulates in the Human Lung, J. Indust. Hyg. & Toxicol. 30:181, 1948. 
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critical pressure orifice (XJ) was in parallel with the first orifice and the bubbler. 
The other side-arm of the Y tube (//’) was employed for inhaling the gas-air mix- 
ture for subsequent sampling. In the experiments on nasal retention, a mask 
was attached to this side-arm (JV) of the Y tube. A second tube (VJ, 2 cm. in 
diameter) entering through the mask was in a position in which the subject's 
mouth could easily be closed tightly about it. Since there was a slight positive 
pressure in the mask (generally less than 1 mm. of water) leakage around the face 


W FILTERED AIR 


VAPOR OR GAS 


Apparatus set up for measuring the retention of vapors and gases inhaled into 
the lungs. 


did not interfere with the results. From the second tube (VJ) through the mask 
an 8 mm. tube led to a manometer (VII) which was used to measure nasal resis- 
tance and which also served as a safety valve. From the tube (V/) another small 
tube led to a bubbler (VIII), a critical pressure orifice (X), valves (XV and 
XVI) and thence to the same pump. In parallel with the critical pressure orifice 
and bubbler was a second critical pressure orifice (X///). 
kept warm to eliminate condensation. To obtain flexibility, each unit of glass 


All glass tubing was 
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tubing was made in three sections connected by short pieces of rubber tubing 
used as sleeves and adjusted to bring the adjacent pieces of glass tubing almost 
into contact. 

In the experiments on nasal retention the subject's face was placed against the 
mask and his mouth was closed tightly about the sampling tube. Care was taken 
to avoid pressure on the nose. While the subject held his breath, a sample of air 
was drawn at a fixed rate of flow through the nose and mouth at the same time 
that a control sample was being drawn. The subject was instructed never to 
exhale, but, if necessary, a slight inhalation was permissible. In the latter case 
the only effect would be a slight increase of the flow rate over that intended. On 
the other hand, exhaling would result in the samples being diluted with lung air 


In the experiments on pulmonary retention the mask was removed and the 
positions of tubes 1’/ and //’ were altered so that the subject would move his 
mouth from one tube to the other by a slight rotation of the head. Valves X/I 
and XI’ were in a position such that the subject could operate them easily and 
rapidly. The pattern of respiration used most was one in which 4% of one cycle, 
most commonly 4 seconds, was given to inspiration, 4% to a pause, %& of the cycle 
to expiration and 4% to a pause. The timing was controlled by a metronome. The 
subject was instructed to breath uniformly. 


Before the beginning of the first part of the inspiration the mouth was closed 


about tube /I’. Simultaneously with the beginning af inspiration the subject 
opened valve XI’. The valves could be opened and closed with very quick motions 
At the end of this phase of the cycle, inspiration was stppped and valve XV was 
ji ; closed. Thus, simultaneously with inspiration, a control dample was drawn. During 
: the % cycle for pause the subject's mouth was moved lover to and closed about 


tube ’/, so that at the stroke of the metronome beginning a cycle valve X/V was 
opened. This automatically began expiration, as the subject was ready to exhale 
but the kystem was closed. At the end of the expiratipn,! determined by the metro- 
nome, the valve was closed, and after a very short pause the mouth was moved 
back and enclosed about tube /I’ to be ready for the next cycle. Care was taken 
to close valve X/i’ before removing the mouth, to avoid sampling room air. Care 
was also exercised to avoid exhaling or inhaling during the pauses. 

Since the volume exhaled was always fixed, the amount inhaled could not devi 
ate much or the lungs would become either too inflated or too deflated. After 
practice a subject could generally maintain a rather uniform lung volume 

In most of the experiments electric timers were used to determine the fraction 
of time that each of valves XY] and XV’ was open. It was found that the 
’ total times that the two, valves were open seldom differed by more than 4 per 
cent 


The rate at which gas flowed through the bubblers, as maintained by the criti 
cal pressure orifices, was meastired with the bubblers in position. The rate was 


about 4 liters per minute. The absorbing efficiency of each bubbler was checked, 
and the conditions were adjusted so that at least 98 per cent of the gas was col- 


lected. The moisture content of the respired air affected the volume of the air 
sampled and increased the volume of the liquid in the bubbler by condensation. 
In neither case did this cause an error appreciably greater than 3 per cent. 


EXPERIMENTAL RESULTS 


{icohol Vapor—The alcohol vapor was obtained by bubbling air through 
a solution of alcohol (from 5 to 95 per cent) and mixing the air containing alcohol 
vapor with additional air to yield the desired concentration. The samples were 


| 
| 
4 
H 
t 
| 
i) 
| 


LANDAHL-HERRMANN--V APORS AND GASES IN HUMAN LUNG 39 


collected in bubblers submerged in an ice bath containing 10 cc. of distilled water. 
The collected alcohol was analyzed by the chromic acid method described by 
Snell.* 

The results of the experiments on pulmonary retention are presented in table 1. 
Various concentrations, flow rates and breathing patterns were employed. Unless 
specified to the contrary, the values given are the average values for two trials on 
each of 2 subjects, A and B. In the next to the last column, the expiration time 
is not given since it is always the same as the inspiration time. Both “hold 
times” were the same throughout. Thus the numbers 1.5, 0.5, 2 mean that, of 
a 4 second cycle, 1.5 seconds was spent on inspiration, the same time on expiration, 
and 0.5 second on each of two pauses; thus the average time in the lungs for a 
given volume of vapor was 2 seconds. In the last column is given 100 minus the 


Taste 1—The Human Lung’s Retention of Alcohol Vapor Inhaled 
Through the Mouth 


Coneen- Flow Inspiration, 
Time of tration, Rate, Hold and 

Sampling,” Me Liters Mean Times in Percentage 
See. per Liter per Min. Lungs, Sec Retained 

8 64.5 + 0.3 

65.4 + 1.13 
61.3 0.345 
61.9 0.5 
0.3501 


70.0 + 0.7 


1 
is 1 
18 1 
18 1 
18 
18 4 
is 1.5, 6.5, 4.2502 
1 
1 
1 
1 
1 


18 7+ 01 
18 
18 
15 
18 
161-320 5 18 


73.4 12 
B.9 + 26 
04 
62.9 + 18 
61.8 + 18 


* The first number gives the time from the beginning of the run to the beginning of the 
collection; the last ntimber ind’cates the time the run ends. 

+ This is the average flow rate determined during inspiration and expiration. For the mean 
respiration rate multiply by (inspiration time) (total time) . e. g., % In most cases. 

t This is the average of two other runs in the table, 988 and 81-160, or rows 12 and 13. 

§ Two subjects other than A and B are represented here 

Oxygen replaced air. 


percentage of inhaled vapor in the expired air and its average deviation. This is 
the percentage retained. 

Whenever 2 subjects are used, the average deviation added and subtracted 
from the average gives the results for the 2 persons. The following convention 
will be employed whenever the results are from subjects A and B. The + sign 
will mean that the percentage exhaled was larger for subject A than for subject 
B, and the sign > the reverse. Thus the upper sign will always refer to subject A. 

From the table it will be noted that over approximately a twentyfold range 
of the concentration the percentage retained is not appreciably changed. It should 
also be noted that there is no constant difference in the percentage exhaled 
between the two subjects. Furthermore, for four subjects at the intermediate 

3. Snell, F. D., and Snell, C. S.: Colorimetric Methods of Analysis Including 
Some Turbidimetric and Nephelometric Methods, New York, D. Van Nostrand 
Co., Inc., 1937, vol. 2, p. 21. 
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concentration, the range of percentages exhaled is from 38.4 to 40.0, or an average 
of 39.1 with an average deviation of 0.4, indicating that there may be only small 
individual differences between normal persons. 

At an inspiration rate (or expiration rate) of 54 liters per minute the percentage 
retained equals that at an inspiration rate of 18 liters per minute when the breath 
pattern is the same (nos. 2 and 3 vs. 5). Anoxia prevented increasing the breath- 
holding times when air was breathed and, for this reason, pure oxygen was used 
in one pair of experiments (no. 9). The amount retained was then less. This 
may, in part, be due to the dilution effect shown in the subsequent experiments. 
Since the reserve air is more than 2 liters, this effect would be expected to be 
fairly important for a short duration as is shown in the table for experiments in 
which the duration is a half-minute or less. The first number under “time of 
sampling” is the duration in seconds of breathing not included in the analysis. In 
most cases this served to flush out the lungs. 

In table 2 are shown the results for nasal retention of alcohol vapors obtained 
by comparing the amounts of alcohol in samples drawn through the nose and mouth 
with the amounts in the control samples. The first three rows may seem to 


Taste 2.—Nasal Retention of Alcohol Vapor 


Concentration, Flow Rate, Time of Sampling, Percentage 
Mg. per Liter Liters per Min. Sec. Retained 
0.7 8 0-60 “zs 
2.8 18 00 52> 0 
16.0 18 010 6 
28 18 0.5-5.5+ 4 

3.1 18 8 

34 54 ; 9 

: Nasal and Pulmonary Retention 


* Lacrimation oceurred, owing to nasal irritation. 
t The nose was flushed 4% second before ¢ach part of the run (12 parts). 


indicate that concentration affects the percentage retained. However, since inhalation 
of a high concentration of alcohol vapor causes considerable irritation and lacrima- 
tion it may have influenced the subject's ability to [perform properly. Further- 
more, the sampling time had to be of short duration, and a comparison of this and 
the next row of figures indicates that the latter factor may account for the high 
percentage obtained. 

It should be noted that in every case the percentage retained in the nose of 
subject A was smaller than that in the nose of subject B. The variability of 
nasal retention is greater from time to time than that of pulmonary retention. 


On each subject a single run was made in which the vapor was inhaled through 
the nose and exhaled through the mouth. The fraction exhaled was 21 per cent. 
The product of the amount passing the nose under these conditions times the 
amount coming out of the lungs on mouth breathing is 0.48 x 0.40, or 19 per cent, 
a satisfactory agreement. 


Hydrogen Cyanide Gas.—Chosen concentrations of a solution of sodium cyanide 
were dripped at a controlled rate into a solution of sulfuric acid contained in a 
bubbler through which a stream of air was passed. The air containing hydrogen 
cyanide vapor was then mixed with additional air to establish the desired con- 
centration. The samples were collected by bubbling the exhaled air as well as the 
control sample through twice-normal sodium hydroxide in 50 per cent alcohol. 
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Slippage through such bubblers was negligible up to 2 minutes of sampling time 
when the exhaled air contained 4 per cent carbon dioxide or less. In the absence 
of carbon dioxide slippage is negligible even when tenth-normal sodium hydroxide 
is used. However, the slippage of hydrogen cyanide from tenth-normal sodium 
hydroxide is appreciable in 20 seconds when the gas is absorbed from expired air 
containing normal amounts of carbon dioxide (4 per cent). 

The samples were analyzed by the method of Aldridge.* Because there were 
large and variable amounts of carbonate in the absorbers, owing to variations in 
the collection time, a separate calibration was made by using alcoholic sodium 
hydroxide solutions through which exhaled air had been bubbled for various times. 
Difference in the calibrations may be attributed to removal of hydrogen cyanide 
as the carbon dioxide bubbles out of the solutions when these are acidified. 
This difference was as great as 30 per cent in apparent hydrogen cyanide concentra- 
tion when the collection time was 2 minutes. 

Five cubic centimeters of the alcoholic sodium hydroxide solution was acidified 
by the addition of 2 cc. of 100 per cent trichloroacetic acid in order to keep the 


Taste 3.—The Human Lung’s Retention of Hydrogen Cyanide Gas Inhaled 
Through the Mouth 


Coneen Flow Inspiration, 
Tidal Time of tration, Rate, Hold and 
Air, Sampling, Mg. Liters Mean Timesin Pereentage 
Ce. See. per Liter per Min. Lungs, See. Retained 
450 13-172 0.00085 18 
450 3- & 0.004 18 
450 3- 6 0.020 18 
450 0.004 18 
1,350 0.004 
yoo 2% 0.006 1s 
450 25-136 0.004 
1,350 § 0.005 
225 7- 0.006 
675 0.005 


Number 


final volume at a minimum. The solutions were then carefully mixed before adding 
1.5 cc. of saturated bromine water. Two cubic centimeters of 1.5 per cent sodium 
arsenite was added to reduce the excess bromine. To 2 cc. of this solution was 
added 5 ce. of benzidine hydrochloride-pyridine reagent to develop the color. 

Table 3 shows the results obtained in experiments designed to measure the 
percentage of hydrogen cyanide retained in the human lung when it is inhaled 
and exhaled through the mouth. 

Experiments 9 and 10 of table 3 involved breathing rates too rapid to be reliable. 
However, the results perhaps represent a lower limit for retention. In the first of 
these two, the low figure reflects the fact that the “dead” space is approximately 
equal to the tidal air. 

Two experiments (not shown in table 3) were carried out on subject A 
with a concentration of about 6 micrograms per liter, a mean flow rate of 18 liters 
per minute, 450 cc. of tidal air and a 4 second cycle in which the lung volume was 
nearly minimal on expiration. In this experiment 61 + 2 per cent of the inhaled 
hydrogen cyanide gas was retained. Two other experiments were carried out on 


4. Aldridge W. N.: New Method for the Estimation of Microquantities of 
Cyanide and Thiocyanide, Analyst 69:262, 1944. 
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the same subject under the same conditions except that the lung volume was nearly 
maximal on inspiration. In this experiment 46 + 3 per cent was retained. It 
may be noted that at either of these extreme conditions uniform breathing is difficult. 

The data on the nasal retention of hydrogen cyanide are given in table 4. Two 
flow rates and two concentrations were used. One experiment at nearly 100 per 
cent relative humidity gave results not significantly different from those at 25 per 
cent relative humidity. This does not imply that prolonged breathing of wet or dry 
air does not affect subsequent retention. 

No correction was made for the effect of carbonate on the cyanide analysis in 
the experiments measuring nasal retention of hydrogen cyanide since it seemed 
unlikely that significant amounts of carbon dioxide were released by the nasal 
mucosa.” When air was drawn through the nose at 20 liters per minute in five 
experiments on 2 subjects, 0.1, 0.1, 0.2, 0.3 and 0.7 per cent carbon dioxide were 


Taste 4.—Nasal Retention of Hydrogen Cyanide Gas 


Concentration, Fiow Rate, Percentage 
Mg. per Liter Liters per Min. Retained 


0.0011 18 pa | 
0.011 18 3 
q 0.010 54 13 $2 


0.0004 


18 


19> 6 


* Four runs were made on each subject 
+ The relative humidity in this run was nearly 100 per cent, while in all other runs it was 
about 25 per cent. Only one run was made on each subject. 


Taste 5.—The Human Lung’s Retention of Inhaled Acetone Vapor 


Inspiration, Hold 


Tidal Air, Time of Concentration, and Mean Times Percentage 
ma Ce. Sampling, See. Mg. per Liter in Lungs, See Retained 
13-92 11.0 1.5, 0.5, 2 
| 
‘a 450* 13-92 08 1.5, 0.5, 2 


1,350" 25-108 4.5, 1.5, 6 


* The flow rate was 18 liters per minute. 
| 
found in the air (3 absorbers, each containing five tishes normal sodium hydroxide, 
were used in series). When the same method was used in four runs on | subject 
breathing at 20 liters per minute with a 4 second cycle, 4.1 + 0.1 per cent carbon 
dioxide was found in the expired air. 


In two experiments made on 2 persons the total percentage retained on nasal 
inhalation and oral exhalation (9 micrograms per liter, 450 cc. of tidal air, 1.5 
second inspiration, 0.5 second hold, 2 second mean time in lung, and sampling 


time 12 to 68 seconds) was 37 + 2. 


Acetone Vapor—Air bubbled through a mixture of acetone and water was 
mixed with enough additional air to obtain a desired concentration. The acetone was 
determined by adding 1 cc. of Nessler’s reagent to 7 cc. of the collecting solution 
(7 ec. of tenth-normal sulfuric acid) and mixed thoroughly.. After 10 minutes 
the turbidity was measured with a Klett photometer, a red filter being used (650 
millimicrons). The use of this filter almost eliminates the effect of the color 


5. Hellmann, K.: Ueber den Gaswechsel der Nase, Ztschr. f. Laryng., Rhin., 
Otol. 15:181, 1926-1927. 
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of the reagent. The results under various experimental conditions are given in 
tables 5 and 6. Unless otherwise indicated, two experiments were carried out on 
each of 2 subjects, A and B. 

Ammonia Gas.—The ammonia gas was obtained by bubbling air through a 
saturated solution of ammonium carbonate, the concentration being varied by the 
amounts of air bubbled through the solution. The ammonia was determined 
with Nessler’s reagent. The results are given in tables 7 and 8. 


Taste 6.—Nasal Retention of Acetone Vapor 


Coneentra- Flow Rate, Time of Nasal 
t.on, Liters Sampling, Resistance, Percentage 

Mg. per Liter per Min. See. Inches HeO Retained Subjects 
11-30 0.5 + 0.2 A,B 
11-30 0.7 > 02 % > 2 B 
6-10 O4 23-3 B 
14 0.5 40 B 
11-30 0.9 0.2 B 


TasLe 7.—The Human Lung’s Retention of Inhaled Ammonia Gas 


Inspiration, Hold 
Tidal Air, Time of Concentration, and Mean Times Percentage 
Ce. Sampling, See. Mg. per Liter in Lungs, Sec. Retained 
450” 3 1.5, 0.5, 2 91.0505 
450" 1.5, 0.5, 2 
450* 5-1 1.5, 0.5, 2 
1,350° 2 4.5, 1.5, 6 


* The flow rate was 18 liters per minute, 


Tasie 8.—Nasal Retention of Ammonia Gas 


Coneentra- Flow Rate, Time of Nasal 
tion, Liters Sampling, Resistance, Pereentage 

Mg. per Liter per Min. Sec. Inches HeO Retained Subjects 
18 11-30 05402 A, B 
18 11-30 02+01 8355 
11-30 2.5 + 2.0 67 = A,B 
6-15 16> 1.0 +0 A 
15 0.7+01 A 


COMMENT 

The results given indicate that the concentration of a vapor or a gas 
plays only a secondary role in determining the percentage retained in 
either the nose or the lung during the first few minutes of respiration. 
In the case of the alcohol vapor a twentyfold change in concentration 
(0.7 to 13 mg. per liter) had a negligible effect on the percentage of 
pulmonary retention. The change in nasal retention over a similar range 
of concentration was probably due to other causes as discussed in the 
foregoing section. In the case of hydrogen cyanide gas a fortyfold 
change in concentration (0.5 to 20 micrograms per liter) caused no 
appreciable change in the percentage retained in the lung. Similarly a 
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tenfold change in concentration (1.1 to 11 micrograms per liter) 
showed no effect on the percentage retained in the nose. The results 
from acetone vapor and ammonia gas also substantiate this generali- 
zation. 

The effect of deep breathing for a fixed frequency and pattern of 
respiration is illustrated by the results relating to alcohol vapor and 
hydrogen cyanide gas. For alcohol vapor at 54 liters per minute, 1,350 
cc. of tidal air and standard breathing pattern (1.5, 0.5, 2), the per- 
centage exhaled was 38. For a flow rate of 18 liters per minute, 450 cc. 
of tidal air and the same breathing pattern, the concentrations just 
greater than and less than that for the rate of 54 liters per minute gave 
35 and 40 per cent exhaled (rows 2 and 3 of table 1). Thus there is no 
noticeable difference. In the case of hydrogen cyanide gas, under similar 
experimental conditions the percentage exhaled at the flow rate of 54 liters 
per minute was 37, while at 18 liters per minute it was 42 (table 3). 
This difference is not considered to be significant. 

The effect of increasing the time during which the material remains 
in the ‘lungs is illustrated by the following comparisons. From table 1 
(rows 3, 6, 7, 8 and 9) we may compare the percentages retained for 
different mean times, the length of the “hold” time having been varied. 
Thus for 2, 4, 6 and 8 seconds (as mean times in the lung) we have the 
corresponding percentages retained 65, 69, 70 and 81. From table 3 
we may compare the percentages of hydrogen cyanide gas retained for 
different mean times in the lungs. In this case the mean times were 
increased by increasing the breathing pattern uniformly. Thus for 2, 4 
and 6 second mean times we have the percentages 58, 65 and 77 (table 3, 
rows 4, 6 and 8). For acetone vapor (table 5) a threefold increase of 
the mean time increased the percentage retained from 53 to 61. For 
ammonia gas a threefold increase of the mean time produced a negligible 
increase in the percentage retained (91.8 to 92.8). 

For each of the materials used, increasing the intranasal flow rate 
by a factor of three resulted in an increased penetration through the 
nose. The increase was not large in view of the threefold increase of 
the flow rate. 

The percentage retained in the nose was greatest for short samples 
of each of the materials tried. In about one-half minute the retention 
had become fairly stable. 

From the tables it can be seen that there is no constant difference 
between subjects A and B in the percentages retained in the lungs. For 
each subject the result was always very stable. The differences between 
subjects A and B were small. For one experiment in which alcohol 
vapor was tried, 4 subjects were used. The percentages retained ranged 
from 61.6 to 60.0, giving an average of 60.9 + 0.4. This would sugg ist 
that the individual variability in pulmonary retention is probably fairly 
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smali. On the other hand, subject A always gave a smaller percentage 
retained in the nose than subject B. The differences were not small. 
Four subjects used to measure the percentage of ammonia gas retained 
in the nose gave values from 78 to 88 with an average of 83 + 5. This 
suggests that there are rather marked individual differences in the per- 
centage penetrating the nose. 

The nasal resistance of subject A was uniformly less than that of 
subject B, while the percentage penetrating the nose of subject A was 
always greater. For the two other subjects tested with ammonia gas 
a similar relationshij held. This suggests that there is an appreciable 
correlation between nasal resistance and nasal penetration. However, a 
given subject showed considerable variation in nasal resistance without 
a corresponding change in the percentage of material penetrating the 
nose. 

SUMMARY 


For the most nearly normal breathing pattern, with an inspiration 
rate of 18 liters per minute, the percentage of alcohol vapor retained in 
the lungs (including also the mouth, etc.) was found to be about 65. 
For this breathing pattern the durations of inspiration and expiration 
were 1.5 seconds each, with 0.5 second pauses between; thus the mean 
respiration rate in this pattern was 6.7 liters per minute (18 < 1.5” 
+ 4"). The corresponding percentages for hydrogen cyanide gas, 


acetone vapor and ammonia gas were found to be 58, 55 and 92, respec- 
tively. The percentage retained was not appreciably affected by the 
concentration of the material in the air. A threefold increase of the 
depth of breathing, the temporal pattern being kept constant, had no 
appreciable effect on the percentage retained. A threefold increase of 
the mean time during which the material remained in the lungs resulted 
in only a moderate increase of the percentage retained. Limited infor- 
mation concerning the variability among persons suggests that it is small. 

The percentage of alcohol vapor retained in the human nose was 
found to be about 48 for a flow rate of 18 liters per minute. For 
hydrogen cyanide gas, acetone vapor and ammonia gas the percentages 
retained were about 22, 18 and &3. A threefold increase of the rate of 
intranasal flow resulted in a moderate decrease of the percentage 
retained. At the beginning of sampling the amount retained was greater. 
The variability noted between subjects was fairly large, the percentage 
retained being correlated to a moderate degree with nasal resistance to 
the passage of air. For both nose and lung the percentage retention 
increased in the following order: acetone, hydrogen cyanide, alcohol and 
ammonia. 


Mr. M. Fulk rendered technical assistance in some parts of the work. 
Dr. Julius Coon read and discussed the manuscript. 
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CAN MANAGEMENT, LABOR AND MEDICINE WORK 
TOGETHER FOR HEALTH? : 


HARRY READ 
Director Notional CIO Committee on Health, Safety and Welfare, and Executive Assistant to 
James 8. Carey, Secretary-Treasurer, CIO 


WASHINGTON, D. C. 


ee ME say at the outset that the Congress of Industrial Organi- 
zations welcomes this opportunity to present its point of view 
on industrial hygiene. It is a hopeful sign when the American Medical 
Association and the United States Public Health Service, between them, 
give public recognition to the fact that in these discussions labor’s voice 
is both imperative and helpful. 

I believe we have to begin with an analysis of our way of life under 
a philosophy of government that was considered peculiar and unwork- 
able when it was proclaimed to the world injthe decade beginning 
with the year 1790. Our predecessors said it was an experiment. All 
the other governments said the new government was chasing a phantom 
when it proposed to entrust almost all decisions, political, economic 
and cultural, directly to the people. It was not yntil the administration 
of John Quincy Adams, the sixth President, that any national execu- 
tive was so bold as'to say that the experiment had succeeded. 

The United States has come a long way since those days, and the 
process has developed a great deal of noise. But then again, democracy 
in a republic would fail and disappear if all of the people remained 
inarticulate. Our way of life is a turbulent way. We are a nation of 
dogmatists, and that means that we have an infinite variety of dogmas. 
Down through the decades we have always wound up with a composite 


4 dogma, usually achieved in terms of the general welfare after the 
experts on each side, and the public opinion pollsters, of course, have 
contributed as much or as little as they had. It has been that way 
from our national beginning, and I believe that you gentlemen of the 
professions want to keep it that way, just as the CIO wants it kept 
that way. 


I have digressed on this point only to emphasize not merely the 
willingness but also the determination of the CIO to participate in 
the making of decisions which affect the well-being and even the lives 
of the American people. The 6,000,000 members of the CIO and 
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their dependents constitute more than 20,000,000 American men, 
women and children. Please do not assume that I am advancing a 
program or a formula designed to aid only CIO members. CIO lead- 
ers draft programs in terms of the general welfare because they realize 
that all the American people must prosper or suffer as a whole. 

Neither do I want to convey the impression that the ClO wants 
to make all the decisions. It does not. But it does not want any 
other group to make the decision alone. In that direction lies eventual 
totalitarianism. For example, my knowledge of genetics is just about 
that of the average ordinary layman. But of one thing I am certain, 
and that is that no commissar can treat genetics as part of a political 
party line. 

I believe that the actions of the Portland convention of the CIO 
indicate that all but an extremely small minority of the CIO member- 
ship agree with me. 

The CIO leaders have difficulties, of course, but let me assure you 
that the real problems arise outside of CIO ranks. And since we are 
concerned here today with the subject of industrial hygiene, I shall 
from this point on center my specific comments on that topic and its 
related subjects. 

I would not be a fit spokesman for the CIO if I did not have some 
grievances to present. So let me: deal bluntly with some immediate 
grievances. 

CIO leaders have been assured repeatedly that the medical profes- 
sional groups, the various governmental departments and industry in 
general wants CIO to participate in working out solutions of health 
problems. CIO leaders are disturbed, however, at the state of the 
record when it comes to performance. 

Just about a month ago there came to my desk the December issue 
of the Industrial Hygiene Newsletter, published by the United States 
Public Health Service. As a newspaper man of many years’ experi- 
ence | reacted most favorably to the form and the content of the pub- 
lication. The technical articles were interesting and informing to a 
mind untrained in the science of healing and health. The news items 
were something else again. For instance, | read that two institutes 
for industrial nurses were held in the state of Iowa in September. 
Present and participating were physicians, personnel directors and 
industrial safety and hygiene engineers. But representatives of labor 
were not present. 

Then I noted that a similar mstitute was held in Nebraska during 
that same month. There again, along with the professional people who 
must be there, I found more engineers and more personnel people—but 
not a single labor spokesman. 
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They did far better in Rhode Island, where advisory committees of 
industry, labor, and health and insurance groups have been established 
by the Industrial Code Commission. 

It is possible, of course, that those who arrange these conferences 
are subconsciously impressed with the nonsense of some industrialists 
on so-called prerogatives of management. I believe that it might be 
well for the arrangers to read the views of experienced commentators in 
their own claimed fields. 

In June 1945 The Journal of the American Medical Association 
carried an excellent article on labor-management relationships in 
industrial health problems, written by J. J. Bloomfield, a sanitary 
engineer of the United States Public Health Service. While I did 
not agree with all of Mr. Bloomfield’s observations, I regarded most 
of them as realistic and constructive. 

Later that year, after V-J Day, President Truman called a joint 
labor-management conference to consider the future. Very little agree- 
ment came out of that conference, and what is of interest here was the 
attitude of management toward proposals like those of Mr. Bloomfield. 

Spokesmen for management flatly refused to concede that labor 
should have any say at all in the maintenance of industrial safety and 
hygiene. They claimed authoritarian rights in that particular field, 
basing their contention on the fact that they paid for the devices, they 
paid the safety engineer, they paid the physician and the nurse, while 
labor paid nothing at all. Labor’s arguments that workers paid a fearful 
toll in life and limb and health apparently carried no weight. CIO lead- 
ers think those facts speak for themselves even if they confine them- 
selves to human values alone, leaving aside the added economic burden 
on workers and management alike when industrial accidents or diseases 
levy their fearful extortions. 

The CIO considered it unfortunate that the National Health Assem- 
bly of the spring of 1948 did not deal specifically with industrial hygiene. 
I served on the executive committee of that Assembly, and there 
Mr. Nelson Cruikshank, of the American Federation of Labor, and I 
raised some questions. We challenged the initial proposal to include 
community accidents in the scope of the Assembly and to exclude 
industrial accidents. Somewhere a strong opposition developed to 
consideration of industrial aspects, and so it was decided to leave even 
community accidents out. As I recall, it was pointed out that there was 
to be a separate President’s conference on industrial safety. That con- 
ference will be held in March, and I suppose that certain aspects of 
industrial hygiene will be considered. However, industrial hygiene 
is still something of a stepchild so far as the over-all national confer- 
ences are concerned. 
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The CIO considers the health of the people an inseparable part of 
a decent standard of living. The members of the CIO therefore interest 
themselves in much more than the wages, hours and working conditions 
which, it is now reluctantly conceded, are very much their business. 
They believe that along with food, clothing and shelter the people must 
have health care, education, social security and the other things which 
should combine to establish a happy balance in the life of man. 

The Portland convention of the CIO gave careful attention to these 
things. This matter of health was dealt with in four resolutions: Social 
Security, Needed Legislation, Collective Bargaining, and Safety. 

The first two resolutions dealt largely with the general govern- 
mental aspect of the problem—the legislative aspect, if you please. Let 
none jump to the conclusion that the CIO wants government to take 
over the responsibilities of the industrial physicians and engineers or 
those of the employees in general. The CIO believes in a minimum 
of government interference in the affairs of the people. It is even 
rumored that the CIO is somewhat opposed to the Taft-Hartley Law. 

When, however, for one reason or another, we fail to solve our 
problems through voluntary cooperation among ourselves, it becomes 
the function and even the duty of government to give leadership to all 
of us through enunciating sets of principles. And then again, when a 
problem becomes really grave, we naturally look to appropriate 
government agencies for guidance and even enforcement of what we 
want done. 

The third resolution I mentioned, Collective Bargaining, set forth 
the CIO views on how basic problems of human security might best 
be met. In that resolution the CIO pledged itself to try, through the 
processes of collective bargaining, to solve these various ‘problems. 
The resolution said: 
The CIO recognizes that if it is to truly serve its members, it must conduct 
a vigorous collective bargaining program to bring to its members a coordinated 
program of security and economic benefit. Increasing real wages, shortening of 
weekly work hours with no cut in take-home pay, security of the worker in his 
old age, the guaranteed minimum annual wage, adequate sick benefit plans, hos- 
pitalization programs and pension plans are all within the scope of collective 
bargaining. 

The CIO urges that its affiliate unions embark immediately on a vigorous cam- 
paign to secure pension, health, and welfare benefits through collective bargaining. 


We announce our determination to lend the maximum support of this great organi- 
zation to this necessary program. 


You can see from the context that the CIO would much rather 
work out solutions by discussing them, in good faith, with employers 
over the collective bargaining table. The CIO leaders are going to 
make an all-out effort to do so. They do not want those solutions 
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made an adjunct to government plans. They believe the government 
plan should be an adjunct to voluntary agreements and formulas worked 
out by those concerned. 

I come now to the resolution covered by the specific title “Safety.” 
It is here that the CIO deals with industrial hygiene. The CLO con- 
siders this pronouncement of ‘such importance that I shall read the 


official text. 


The appalling toll of life and limb levied every year on the American people 
through lack of adequate industrial safety and health programs, constitutes an 


indictment of American industry. More than 17,000 workers are killed each year; 
an additional 90,000 are more or less permanently disabled ; 2,000,000 more workers 
are injured to an extent that takes them away from their jobs. The accidents 
that kill and maim these American workers do not just happen; they are caused, 


Directly involved in the pain and hardship of the victims are their wives and 
children. 


Wholly aside from these paramount human considerations is a loss in pro- 


duction that challenges the boasted efficiency of American industrial management 


When the monetary loss is considered, we find lost wages, medical expenses, 


and workmen's compensation running close to one billion dollars per year 


This indecent toll of life, limb, human suffering and money cannot be eliminated 


merely by the enactment of laws. The record reveals that 99 per cent of all indus- 
trial accidents and diseases involve no violation of statutory law. While it is 
imperative that we have adequate legislation to providg mechanisms for insuring 


the safety and well-being of workers, such laws will not, of themselves, effect a 
solution | | 


? Direct participatign of all the people in proper industrial safety prdgrams will 
provide the only solution to this national problem. 


The Congress of Industrial Organizations has consistently urged upon indus- 
trial management the need for full cooperation between management and labor for 
the enactment and carrying out of sound industrial safety programs, but too many 
employers gleliberately blind themselves to one side of the problem. They main- 
tain that industrial safety is a sole prerogative of management, and they cite their 


money expenditures to support their contention. They completely ignore the 
expenditures that workers make each year in lives and limbs and blood for lack 


of adequate cooperative safety programs 


President Truman has already given full recognition to the need for coopera 


tive effort by all the people to solve these problems of industrial health\and safety 
Early this year, the President called a National Conference on Industrial Safety. 
rhe preliminary meeting of the Conference was held in September, at Which time 


plans were drafted for the full national conference to be held in the City of Wash- 


ington next March under the auspices of the United States Department of Labor 
THEREFORE, BE IT RESOLVED 


1, That we call upon American management to join with us wholeheartedly 


through joint management-labor committees at the plant level to institute safety 


and healthful working conditions throughout all industry 


2. That we commend President Truman for assembling the first national 


conference on industrial safety in this history of our country 


3. That we call upon the 8Ist Congress to restore to the Bureau of Standards, 
U. S. Department of Labor, the appropriation that was eliminated by the 80th 
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Congress for the training of State Factory Inspectors, and to provide additional 
appropriations to expand the training program. 


4. That we call upon the respective State Legislatures to enact needed indus- 
trial safety and health laws to be administered by an adequate and qualified staff 
of inspectors. 


5. That we urge all of our CIO affiliates to participate as fully and directly 
as possible in the President’s Conference on Industrial Safety to be held in the 
City of Washington in March, 1949. 


I want to comment briefly in detail on the contents of that resolu- 
tion. Please bear in mind that when CIO spokesmen mention safety 
they also mean industrial health. The workers represented by them 
draw no distinctions between a man with a broken leg and a victim of 
silicosis. They believe a man with a broken leg is sick. So please con- 
sider that point clarified. 

With relation to the President’s Conference on Industrial Safety, 
I hazarded a prediction earlier that industrial health would probably 
come into the discussion incidentally. Here again, as I see it, it is 
often difficult to separate the industrial accident and the industrial 
disease. Many ailments that are classified as diseases might just as 
easily be classified as accidents. For example, when a man contracts 
lead poisoning while working at an improperly designed paint spray 
booth, his condition might well be charged to the fault or the failure 
of unsafe equipment. For that reason, I do not see how references to 
some phases of industrial disease can be avoided at the March Con- 
ference. 

It has long been my opinion that physicians are just as suspicious 
as labor leaders, and so, no doubt, you were disturbed at the failure 
of the resolution to mention the medical profession specifically. I con- 
cede that you have a point there, and | can see, too, that the omission 
might serve some of the critics of labor’s leaders as evidence that these 
laymen intend to engage in the practice of medicine. Let me reassure 
you. They are as little expert in the technical field of health as you 
are in helping workers to organize and build strong trade unions. 
They recognize the place of technical and scientific expertness in 
virtually everything people do in life. For instance, the CIO leaders 
frequently require the services of lawyers, and when they do, they .seek 
the advice of lawyers. Likewise they have high regard for the expertly 
trained safety or sanitation engineer. And so, when they envision joint 
action between union workers and employees in the field of industrial 
safety and health, they accept fully the realization that the physician 
and the engineer must be brought in as technical experts. They 
need your help in solving these problems. 


You no doubt noted that the resolution made some emphatic refer- 
ences to the United States Department of Labor and what one may now 
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charitably refer to as the mistakes of the Eightieth Congress. It men- 
tioned specifically the work that had been done by the Bureau of Labor 
Standards in the broad field of industrial hazards. I serve on the 
advisory committee of the Bureau, a committee made up of representa- 
tives of management, labor and technical specialists. This committee 
has been unanimous in helping the Bureau work out a plan of training 
state factory inspectors in the technics of their work. Any of you who 
are familiar with the political patronage system will recognize at once 
that appointing a good precinct captain to the inspection department 
does not always mean a good factory inspector. The Bureau sought 
to correct that with an educational program taught by qualified experts 
in the whole field. For reasons best known to some congressmen, 
who have been retired to private life since Dec. 31, 1948, the Eightieth 
Congress saw fit to destroy that training program. Probably the effort 
was part of the general drive to reduce the whole Department of Labor 
to impotency. 

The CIO believes that these érganized efforts to isolate labor as a 
great national force must be stopped. Just as the Department of Com- 
merce serves the welfare of business and industry, and just as the 
Department of Agriculture looks after the interests of farmers, the 
Department of Labor is supposed to represent the overwhelming major- 
ity of the people who depend on wages and salaries for income. I do 
not propose to burden the record here with figures, but let me say that 
appropriations for the Departments of Commerce and Agriculture are 
both up in the hundreds of millions, while the Department of Labor was 
reduced by the Eightieth Congress to little more than $14,000,000. 

The workers of the United States expect their appropriate repre- 
sentative agency at cabinet level to serve their interests. They believe 
that industrial safety and industrial hygiene belong in the Department 
of Labor. 

This point of view, no doubt, will stir some criticism, because it 
probably raises the old bugaboo that technical services should be 
exclusively in the hands of technical people. That is illogical. The 
Department of Defense maintains its own medical services, integrated 
with the peculiar aspects of the national.defense. There is no reason 
why the Department of Labor should not have its own medical staffs, 
integrated with the peculiar aspects of its activities. 

If we look at those problems objectively, we should see at once that 
the managers alone cannot deal with industrial hazards. Neither can 
the labor force alone. Neither can safety engineers alone. And neither 
can the medical experts. It will take all of those groups working 
together in a spirit of good will. 

It is time that we lay aside our suspicions and fears of one another. 
As a member of the advisory committee to the Children’s Bureau of 
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the Federal Security Agency, I am one of 13 laymen who find them- 
selves outweighed by 32 assorted physicians, dentists and nurses. How- 
ever, virtually all of the decisions are unanimous. | get along with 


most physicians, and fairness to myself requires me to say that I never 
disagree with any of them on medical questions. 

I suppose that among leaders of organized labor there are some ama- 
teur diagnosticians, just as among doctors there are some amateur 
labor leaders. Labor groups have their fair share of screwballs, too. 

But come on! Open the door and move over a bit. Labor spokes- 
men really have something to contribute in the solution of industrial 
hazards. Be real about it. Don’t draft fancy or mysterious programs 
and then call labor leaders in to sign on the dotted line. Get these 
representatives of labor in at the planning level. Sure, they will argue. 
Arguments and final joint agreements are the secret of the American 
way of life. This is one of the few remaining countries where arguments 
are permitted. 

I appreciate this opportunity to discuss these matters here today, 
although I again assure you that labor spokesmen know nothing of 
industrial hygiene in the scientific sense. They do know a great deal 
about human problems and the way that the American economy blunders 
along. You of the American Medical Association and the United 
States Public Health Service have something to exchange with us. So 
let’s get along with the job. 


718 Jackson, N. W. 
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METABOLISM OF LABELED CARBON DISULFIDE IN 
GUINEA PIGS AND MICE 


CORNELIUS F. STRITTMATTER, B.S. 


THEODORE PETERS Jr., B.S. 
AND 


RALPH W. McKEE, Ph.D. 
BOSTON 


ie AN EARLIER publication’ it was shown that in dog and man 
only about 10 per cent of a given dose of carbon disulfide (CS,) 
was excreted in the expired air as nonmetabolized carbon disulfide. 
A much smaller quantity (about 0.5 per cent) was excreted unchanged 
in the urine. These findings have been confirmed recently by the 
Czechoslovakian workers Teisinger and Soucek.* The remainder of 
the carbon disulfide was suspected of being metabolized and excreted 
as metabolic products in the urine. Study of the urinary sulfates indi- 
cated some increase of the inorganic sulfate fraction. However, the 
small amounts of carbon disulfide used in the studies made it extremely 
difficult to measure accurately the changes in urinary sulfur. It was 
thus desirable to undertake metabolic studies utilizing carbon disulfide 
containing isotopic sulfur in an attempt to establish the fate of adminis- 
tered carbon disulfide. 

The purpose of this paper is to present such studies conducted with 
guinea pigs. The extent to which carbon disulfide was distributed in 
various tissues of the animals was studied, ag well as the rate and the 
mode of excretion. Fractionation of the urihary sulfur indicated that 
rather large quantities of the carbon disulfide were metabolized to 
other organic sulfur compounds and particularly to inorganic sulfate. 
EXPERIMENTAL STUDIES 


General Procedwre—The animals used in this study were small guinea pigs, 
weighing 110 to 210 Gm., and adult mice, weighing 25 to 35 Gm. The animals 


From the Department of Biological Chemistry, Harvard Medical School. 
This work was made possible by a grant from the American Viscose Cor- 
poration, Wilmington, Del. 

1. McKee, R. W.; Kiper, C.; Fountain, J. H.; Riskin, A. M., and Drinker, 
P.: A Solvent Vapor, Carbon Disulfide: Absorption, Elimination, Metabolism and 
Mode of Action, J. A. M. A. 122:217 (May 22) 1943. 

2. Teisinger, J., and Soucek, B.: Absorption and Elimination of Carbon Disul- 
fide in Man, J. Indust. Hyg. & Toxicol., to be published. 
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were obtained from a local dealer and maintained during the short experimental 
period (maximum of seven days) on Purina rabbit and dog chow and water given 
ad libitum. The data from 28 guinea pigs and 3 mice are reported in this paper 

The basic procedure used in these in vivo metabolic experiments with carbon 
disulfide containing isotopic sulfur (S*°) (indicated hereafter by an asterisk) was 
as follows: 1. CS.* was administered to the guinea pigs by injecting CS.*—sodium 
chloride solutions intraperitoneally, subcutaneously or intracardially or by expos- 
ing the animals to CS.* vapors. 2. The guinea pigs were immediately placed in the 
aeration chamber for the desired intervals in order to determine the CS.* excreted 
in the expired air. For excretion studies the animals were kept in metabolism 
cages for two days. 3. They were then killed by ether anesthesia; samples of 
organs, body tissues and excreta were removed, and the remaining carcass was 
homogenized. 4. These samples were then oxidized by the Carius procedure, 
the sulfur was converted to benzidine sulfate and the isotopic sulfur was deter- 
mined by means of a Geiger-Mueller counter 


Fig. 1.—Aeration apparatus. This setup, which was used for collecting the 
expired air from the guinea pigs dosed with carbon disulfide, is made up of the 
five sections described in the text. This is a scale drawing of the chamber and 
absorbers, the diameter of the chamber being 60 mm 


The procedures for aeration of the animals, colorimetric estimation of carbon 
disulfide, analyses for urinary sulfates and determination of the sulfur (Carius) 
in tissues and excreta were developed by preliminary experiments with non- 
isotopic carbon disulfide (CS2). These methods, as well as the procedures for 
the preparation of isotopic carbon disulfide (CS,*) and the method of determin- 
ing isotopic sulfur (S*°) with the Geiger-Mueller counter, are described in the 
following sections. 

Aeration Apparatus and Procedure——The aeration setup (fig. 1) consists of 
the following parts connected in series: (1) a glass wool filter connected to 


> 


an outdoor supply of air, free of CS; (2) a flowmeter for measuring the opti 
mum rate of air flow through the system; (3) an aeration chamber in which the 
animals were placed immediately after dosing with CS:; (4) a series of two 
absorbers containing diethylamine reagent, and (5) a water trap attached to a 
water aspirator for pulling air through the. system 

The aeration chamber and absorbers were made of pyrex glass with all joints 
of ground glass, standard taper construction. Figure 1 is a scale drawing of 
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apparatus, the diameter of the aeration chamber being 60 min. The absorbers 
are of the type described in an earlier publication.® 

To each of the two absorbers was added 14 cc. of the diethylamine reagent, 
and the absorbers were then connected to the aeration chamber and the remainder 
of the system. The air flow was adjusted to 0.1 liter per minute, as this flow 
permitted maximum absorption in the first absorber (95 per cent of total) yet 
prevented detectable backward diffusion from the chamber. 

For determining the recoveries from the system, CS: in an isotonic solution 
of sodium chloride was introduced into the aeration chamber through the inlet 
tube by means of a 1 cc. hypodermic syringe fitted with a 2 inch (5 cm.) needle. 
When the animals were used, they were placed in the chamber immediately after 
dosing with CSs, facing the outlet tube and absorbers. The chamber was quickly 
closed, and the joints were sealed with a drop of water. The animals were 
routinely aerated for ninety minutes, although little CS. appeared in the expired 
air after thirty minutes. 

At the end of the aeration period the flow of air was stopped and the cham- 
ber and the absorbers were disconnected. The fritted glass adapter was rinsed 
with diethylamine reagent, the volume was made up to 15 cc., and a colorimetric 
analysis was made. The recoveries of CS: and CSs* in alcohol and saline solu- 
tions from the aeration chamber (forty-five minutes’ aeration) ranged from 96 
to 101 per cent. The amounts of CS, used ranged from 10 to 70 micrograms. 
Blank runs gave negligible colorimetric readings. 

Colorimetric Determination of CS2—The diethylamine reagent and the pro- 
cedure used for the colorimetric determination of CS: were the same used in an 
earlier work. The reagent consisted of 95 per cent ethyl alcohol (redistilled 
from potassium hydroxide) containing 0.5 per cent diethylamine and 0.001 per 
cent cupric acetate. The colorimetric method employed the Klett-Summerson 
photoelectric colorimeter with the no. 47 color filter. 

A calibration curve was prepared from readings for known amounts of CS: 
added to the diethylamine reagent to produce the yellow compound, cupric dieth- 
yldithiocarbamate. The curve was linear over the range of 0 to 54 micrograms 
which was used for determining the amounts of CS:'in unknown solutions, appro- 
priately diluted. The error in the colorimetric determination was about + 0.15 
microgram of CS,. 

The amount of CSs in saline solutions was determined colorimetrically by 
introducing measured volumes of solutions, from the same syringeful of material 
used for the animal injections, directly into colorimeter tubes containing the dieth- 
ylamine reagent. 

Determination of Urimary Sulfur and S**—The inorganic sulfate, ethereal 
sulfate and total sulfur fractions of urine were determined by the Fiske* modifi- 
cation’ of the method of Rosenheim and Drummond, in which the sulfates are 
precipitated as benzidine sulfate. In experiments using nonisotopic CS:, the 
sulfur was determined by titrating the benzidine sulfate with hundredth-normal 
sodium hydroxide. In experiments employing labeled CS,* the isotope concen- 
tration in the precipitate was determined by counting the beta radiations with 


3. McKee, R. W.: A Quantitative Microchemical Colorimetric Determination 
of Carbon Disulfide in Air, Water and Biological Fluids, J. Indust. Hyg. & Toxicol. 
23:151, 1941. 

4. Fiske, C. H.: The Determination of Inorganic Sulfate, Total Sulfate, and 
Total Sulfur in Urine by the Benzidine Method, J. Biol. Chem. 47:59, 1921. 
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the Geiger-Mueller counter. In some instances the sulfur was determined by 
titrating the benzidine sulfate after the counting was completed. 

Determination of Sulfur in Feces and Body Tissues——-A modified Carius 
method 5 was employed for determinations of the sulfur of feces and body tissues. 
The feces and the tissues were weighed and homogenized by maceration in a 
measured volume of isotonic sodium chloride solution or, in the case of the 
carcass, with a Waring blendor. Weighed aliquots, usually about 1 Gm., were 
placed in a Carius tube and dissolved in 1.5 cc. of fuming nitric acid (specific 
gravity, 1.50); about 100 mg. of potassium bromide was added and the tube 
sealed. The tube was heated for eleven hours at 210 C., then cooled to room 
temperature in order to reduce the gas pressure in the tube. The tube was opened, 
and the contents washed into a beaker with water and evaporated to dryness. 
The residue was dissolved in 5 cc. of 10 per cent acetic acid and reevaporated 
until no odor of acetic acid remained. The cooled residue was dissolved in 5 
ce. of water and dephosphated according to the method of Fiske.* Sulfate 
was then precipitated with benzidine. S*° was determined by counting with a 
Geiger-Mueller counter. Total sulfur was estimated by titrating the benzidine 
sulfate precipitate with hundredth-normal sodium hydroxide 

It was found that phosphate precipitates obtained in experiments using CS.* 
contained negligible radioactivity and also that the phosphate when not removed 
from the oxidized material had little effect on the self absorption of the beta 
radiations. 

Test recoveries of sulfur (S®*) with the Carius procedure as described in 
a foregoing paragraph were made with samples of: (1) ammonium sulfate solu- 
tions, (2) CS,ethanol solutions, (3) CS: samples (introduced into the Carius 
tubes in thin-walled glass ampuls and subsequently broken) and (4) alcohol 
solutions of tagged CSs* (as the diethyldithiocarbamate). The range of sulfur 
recoveries was: (1) 99 to 102 per cent, (2) 78 to 85 per cent, (3) 80 to 84 per 
cent and (4) 87 per cent (one determination), respectively. 

Trial analyses for the total sulfur content of tissues were made by the Carius 
method as already described, with about 1 Gm. samples of tissue homogenates. 
The oxidized sulfur was precipitated as benzidine sulfate and titrated with 
hundredth-normal sodium hydroxide. The sulfur values obtained for the various 
tissues (liver, muscle, bone, brain, blood and the whole animal) varied from 
0.02 per cent (wet weight) for brain up to 0.15 per cent for muscle and whole 
carcass. Values of about 0.16 per cent are found in the literature for the whole 
animal. 

Preparation of S*5-tagged CS2—Bombardment of a sample of potassium 
chloride (KCI®5) in the Oak Ridge pile produced the eighty-seven day S** 
by the n, p-reaction; the isotopic sulfur was present in the product as S*O,-. 
The S*5O, was precipitated from an aqueous solution of the material as barium 
sulfate (BaS*°Q,), which was washed with water and ethyl alcohol, then dried. 
Reduction of the barium sulfate to BaS*® was carried out in a hydrogen furnace 
at 700 C. Seventy-five milligrams of BaS*° was dissolved in 15 Gm. of CS» ( Merck's, 
analytic reagent) to which was added sodium sulfide (NaS), and CSS®* formed 
by an exchange reaction. This material was prepared by Dr. R. R. Edwards.* To 

5. Gatterman, L.: Laboratory Method of Organic Chemistry, revised by H. 
Wieland, New York, The Macmillan Company, 1932, p. 65. 


6. Edwards, R. R.; Nesbett, F. B., and Solomon, A. K.: Recoil-Activated and 
Thermal Exchange Reactions Between Sulfur-35 and Carbon Disulfide, J. Am. 
Chem. Soc. 70: 1670, 1948. 
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purify the product, it was washed twice with cold tenth-normal sodium hydroxide 
and then with water. The CS.* was distilled from a microretort containing a few 
pieces of drierite® and collected in a receiving flask immersed in an acetone—solid 
carbon dioxide bath. A second and more potent preparation was made by using 
only 2 Gm. of CS, in an exchange reaction. 

Working solutions were made by adding this stock CS,* to 0.9 per cent sodium 
chloride solution, in a quantity necessary to obtain the desired activity in the 
saline solution (approximately 2.5 « 10° counts per minute per cubic centimeter. 

Determination of Specific Activity—The specific activity of the CS.* was 
determined by conversion to benzidine sulfate using a modification of the potas- 
sium hydroxide-hydrogen peroxide procedure of Fisher.’ The potassium ethyl 
xanthate formed by adding CS,* to alcoholic potassium hydroxide was oxidized 
with hydrogen peroxide and the peroxide removed by acidifying and evaporating 
to dryness. The sulfate was then precipitated as benzidine sulfate and the S%*. 
determined by counting. The two batches of CS.* which were prepared had} 


specific activities of 322 and 1,220 counts per minute per microgram of S under* 
our standardized conditions. 
Recoveries of sulfur with this potassium hydroxide-hydrogen peroxide oxida-| 
tion procedure were determined by doing simultaneous colorimetric analyses of| 
CS. and titrametric determinations of benzidine sulfate with aliquots of the 
same CS: Values of 98 to 100 per cent were obtained using 1 mg. samples of 
CS: 
Counting Procedure-—The benzidine sulfate precipitates were filtered onto 
small filter papers, the apparatus described by Henriques and associates * being 
used. These papers were transferred to aluminum cups, wetted with acetone | 
and pressed down to insure intimate contact with the bottom of the cup. The? 
activity was determined by means of a thin window Geiger-Mueller counter,® 
corrections being made for background and absorption. The counting of the samples 
1 of tissue and excreta was done by Dr. A. K, Solomon and his staff of the department 
of biophysics of Harvard Medical School. To compensate for decay of activity 


: and daily variations in counter sensitivity, all readings were corrected so that an 
arbitrarily chosen standard would read 1,000 counts per minute. 

Owing to the high degree of absorption of the soft beta radiations from the 

S*® by the benzidine sulfate it was necessary to make corrections for self absorp 

tion in the precipitates. A correction curve was obtained by comparing the 

activity of a number of benzidine ‘Sulfate precipitates formed from standard 

amounts of oxidized CS.* added to different amounts of carrier sulfate. By 

uf using the activity obtained with a 7.4 mg. precipitate as standard, the ratio of 
; observed activity for each amount of precipitate to standard activity was calcu 


lated and plotted as shown in figure 2. The average values agreed within 5 


per cent with the data of Henriques. As all precipitates were of a standard area, 


it was possible to standardize counts for any weight of precipitate by dividing 
by its factor, obtained from this curve 


7. Fisher, H. J Determination of Carbon Disulfide in Emulsions, Indust 
& Engin. Chem 19:1201, 1927 

8. Henriques, F. C., Jr.; Kistiakowsky, G. B.; Margnetti, C., and Schneider, 
W. G.: Radioactive Studies: I. Analytical Procedure for Measurement of Long- 
Lived Radioactive Sulfur, S*°, with a Lauritzen Electroscope and Comparison 
of Electroscope with Special Geiger Counter, Indust. & Engin. Chem. (Anal. Ed.) 
18: 349, 1946 


9. Footnote deleted by the authors 


x 
} 
: 
\ | 


STRITTMATTER ET. AL—METABOLISM OF LABELED CS; 59 


Over-all precision of the precipitation and counting procedure, including oxi- 
dation by the alkali-hydrogen peroxide method, was indicated by the agreement 
of specific activity assays performed on the CS,-saline solutions throughout the 
work. Nine determinations of the first batch showed a maximum difference of 
+5 per cent while three determinations of the second batch showed a maximum 
difference of +2 per cent. Similar results were indicated in determining the 
self absorption curve, provided the amount of precipitate was more than about 
6 mg. Errors increased to about + 15 per cent for smaller amounts of precipi- 
tate. The over-all accuracy of analytic results given in this paper is probably 
within + 10 per cent. 


10 20 
MG. BENZIDINE SULFATE COUNTED 


Fig. 2—Self absorption curve for S** in benzidine sulfate. The milligrams of 
benzidine sulfate, containing a constant amount of S*5, are plotted against the 
ratio of counts obtained with various amounts of benzidine sulfate to the counts 
given with 7.4 mg. of benzidine sulfate. Thus the reference point is a ratio of 
1.0 with 7.4 mg. 
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RESULTS 

Retention and Distribution of CS:*—The retention of the intracardially 
injected CS, expressed as sulfur, is shown in figure 3. The retentions of both 
nonisotopic and S*5-labeled CSs are given so as to indicate the consistency of 
the results throughout the experimental work and to show the similarity of the 
two preparations. 

As would be expected, the more CS; that is given an animal, the lower is the 
percentage retained and the greater the amount in the expired air. Since the 
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treated animals were in an atmosphere devoid of CSs, the volatile and nonreacted 
material was removed quite rapidly in the expired air. This was shown from the 
fact that little could be found in the expired air after thirty minutes of aeration. 

In the experiments with mice using radioactive CS.* it was possible to account 
for essentially all of the injected CS.* in the expired air and the carcass of the 
animal. The data, which are given in table 1, show 13 to 23 per cent of the total 
amount administered appearing in the expired air. The experiments with the 


guinea pigs indicated much larger amounts of CS,.* in the expired air and less 


of the total amount of the injected solvent recovered. In some experiments as 


CS, RETAINED 


+ 4 


+ 
° 25 $0 75 100 


CS, INJECTED 


Fig. 3.--Retention of administered CS,* in guinea pigs. The micrograms (7) 
of sultur administered are plotted against the micrograrns of sulfur retained, per 
hundred grams of body weight. The black circles are for nonisotopic CS, and the 
white circles are for isotopic CS, (i. e, CS:*). (One animal is represented by 
each mark, with a total of 17 animals.) 


Tasie 1.—S*° in Body Tissues and Expired Air of Mice (3 Animals) Following 
the Intraperitoneal Injections\of CS:* 


Tota! Injeeted, in Expired Air, Total Retained, Accounted for 


Micrograms Micrograms Microgtams Percentage 
30.2 3.8 26.0 
28.4 6.5 26.5 


41.9 7.6 44 100 


much as 75 per cent of the injected material was not accounted for. We are 


unable to ‘explain this discrepancy. 
The distribution of the injected CS:* in guinea pig tissues is shown in table 2 


rhe striking points about these data are the large amounts of CS,.* in liver tissue 


and the small amounts in the brain as compared with the amounts in other tissues 
One and one-half hours after |the material was administered there appeared to be 
a general distribution throughout the tissues studied. With increasing intervals 


of time after administration of CS,* the S*® content of the tissues decreased, with 
only 10 per cent or less remaiming after forty-eight hours. The rate of fall 
appears to be most rapid in the liver. These two facts regarding the liver, namely 
the large amount present early and the rapid rate of drop, together with the later 
data on S*5 in the urine, indicate a fairly rapid rate of metabolism of CS,* in this 
organ 
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The pattern of S* distribution in guinea pigs exposed to CS:* vapors was 
somewhat different from that following intracardial injections (table 3). The 
brain and the blood contained more S** relative to the liver. Also, in these 
experiments a much larger quantity of CS.* was retained than ir. the previous 
experiments. Even forty-eight hours after the last exposure to vapors there 
remained relatively large amounts (30 to 50 per cent) of S** in the tissues. 
Again the most rapid drop occurred in the liver, with a slower decrease in the 
brain. 


TasLe 2.—Distribution of S*5 in Guinea Pig Tissues at Various Times Following 
Intracardial Injections of CS:* (12 Animals) 


Micrograms of S** per Om. of 
Retained 4 Body Material 
per Gm. j 
of Body Adipose 
Wt. of CS2* Blood Liver Brain Kidney Muscle Tissue Skin Carcass 
0.30 1.5 0.35 0.43 0.06 0.28 0.09 
0.32 d 0.22 0.42 0.08 0.17 vee 
0.34 0.56 0.03 0.21 0.00 
0.43 J 0.16 0.46 os 0.25 
0.35 0.17 0.36 0.01 08 0.02 
0.37 0.24 0.50 0.03 0.22 
0.43 0.07 0.14 0.01 O11 0.02 
0.02 0.08 
0.07 0.04 see 0.08 


TABLE 3.—Distribution of CS:* in Guinea Pig Tissues at Various Times Following 
Vapor Exposure (6 Animals) 


OSe* Hours Micrograms of S8** per Gm. 
ea After of Material 
Average ‘Time, Last - - 

p-p.m. Hr. Exposure Blood Liver Brain Kidney Skin Carcass 
8 1 0.96 0.18 Re we 0.31 
48 0.63 0.41 0.32 


1 1.98 0.90 
1.01 2 0.4% 
8.30 7 esas 1.80 
1,10 1.10 Lo 


Metabolism and Excretion of CS:*.—-The data in table 4 indicate quite clearly 
the ability of the body to metabolize CS.* and excrete the metabolized S%°. As 
determined from urinalyses made on pigs given injections of CS,* the urinary S35 
is about 30 per cent of the retained sulfur, with about 85 or 90 per cent of it 
appearing in the first twenty-four hour output. The larger part of the metabolized 
material is in the urine as inorganic sulfate. There is, however, a limit either 
to the rate at which the body can metabolize CS.* or to the rate at which 
the S*5 is made available for detoxication. This is indicated in table 4 from the 
fact that the amount of S*5 in the urine collected during the first day is the 
same despite differences in the degree and the duration of CS.* exposure and 
that the amount excreted during the second day increases with the longer vapor 
exposures, as does the amount in the feces. The S*° did not seem to be concen- 
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trated in any one of the three urinary fractions. The fecal S** from CS,* is 
nonvolatile, so that it must be combined or metabolized in some way, although 
it is not known in what form the sulfur is present. 

In table 5 the CS,* present in the animal immediately after exposure is com- 
pared with that excreted and that retained in the forty-eight hours following the 
termination of exposure. Each line represents a separate animal, with each suc- 
cessive pair of lines giving data for 2 animals having the same vapor exposure. 
If all the S** could be accounted for, the last values for each pair of animals 
would be the same. 


Taste 4.—Metabolised S** in Urine and Feces from Guinea Pigs (6 A 


nimals) Exposed to CSy* Vaporst 


in Feces, Total 


Micrograms Retained 
8*5 in Urine, Micrograms ——_- -- by Anima! 
Exposure Expired First Day Following Second Day Following Day Day Hours 
-_—oO Alr, Exposure Exposure Follow- Follow- After 
Average Time, Micro — ing Ex- ing Ex- Ex- Miero- 
D.p.m. Hr. grams Inorganic Ethereal Neutral Inorganic Ethereal Neutral posure posure posure grams 
13.6 8 10.9 ee ove ese ooo ose ous 1 37 
13.6 5 sone 2.0 13.0 5.1 Ll 5.8 1.3 45 
20.6 16 55 9.3 84 17 25 9.8 4s 133 
2.7 40 29.0 ore vee eee 1 196 
25.7 43 6.7 6.7 1.6 0.7 17.0 7.3 45 


* All S** values are per hundred grams of animal. 


Taste 5.—Balance Sheet of Inspired CS: (6 Animals)t 


Excreted Total 8*5 
> Exposure Expired 8*5 in 85 in Hours Accounted 
- Alr, Urine, Feces, After in Tissues, Micrograms for, 
Average Time, Miero Micro- Micro- Last - ———=, Misro- 
D.p.m. Hr. grams grams grams Exposure Blood Liver Brain Skin Kidney Carcass grams 
13.6 10.9 ve eee 1 7.2 4.5 0.39 46 
13.6 | ' 7.1 48 2.7 2.0 seve os 0.45 26 135 
20.6 16 27 oe bes 1 11.7 8.1 0.77 73 121 
20.6 16 273 78 97 43 80) 34 0.39 33 160 
%.7 2 1 23.0 11.0 1.17 139 225 
%.7 40 293 20 45 4.6 0.69 18 172 


| 


| 
+ All S** values are per hundred grams of anima! weight. ’ 
t It is assumed that the amount of S** in the expired alr is the same for the second animal in each of the three pairs. 


COM MENT 


The retention of intracardially injected carbon disulfide is quite 
small, particularly with the larger doses used in these studies. This is 
understandable in view of the fact that the retaining of solvent by the 
body tissues depends on the maintenance of a blood level of CS,. Since 
the environmental atmosphere is devoid of CS, vapor, the blood level 
drops rapidly and makes it impossible for the tissues to retain and react 
with appreciable amounts of CS,. From the practical standpoint of 
short term exposures, even to high concentrations, it means that the 
CS, would be rapidly removed from the body as soon as the individual 
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enters an environmental atmosphere devoid of the vapor. This is due 
simply to the fact that the tissues’ retention of the vapor is limited 
because of the rapid drop of the blood level, and this in turn is due 
to the fact that there is a high gradient of CS, concentration between 
the blood and the environmental air. 

In contrast to this rapid drop of the blood level of CS, with a single 
injection is the maintenance of a blood level with vapor exposure. The 
blood rapidly becomes saturated and continues to carry CS, to the 
tissues at this concentration for the duration of the exposure. How- 
ever, as shown by Henderson and Haggard,’® the retention of any 
vapor becomes progressively less as the exposure continues, until finally 
there is no further retention except as the material is metabolized and 
excreted via urine, feces and skin. 

It was shown in an earlier publication’ that blood saturation is 
reached within about one and a half hours with vapor concentrations 
of 25 to 50 parts per million (p.p.m.) of CS,. The work of Teisinger 
and Soucek,’ as well as our data shown in the foregoing pages, indicate 
that many hours, even days perhaps, are required to saturate completely 
all of the body tissues and fluids. Thus the entrance of CS, into some 
body tissues is very slow, as shown in the vapor experiments, in which 
even after two days the tissues were still taking up S **-tagged CS,. 
This may be due to a slow reaction of CS, with tissue proteins. The 
indication from these experiments is that the processes by which the last 
traces of this sulfur are removed from the body are even slower than 
the saturation process, although the removal of volatile nonmetabolized 
CS, is quite rapid. Our work, as well as that of Teisinger and Soucek, 


has shown that CS, is removed from the circulating blood within thirty 


to sixty minutes after an exposure. Fabre and Vaquier" reported, 
however, that volatile CS, is present in the body tissues of rabbits four 
days after termination of vapor exposure. 

It appears that the liver is an important organ for the metabolism 
of CS,. This is indicated from the high initial concentration in that 
organ following a CS,* exposure and the large amount of metabolized 
S** in the urine. The major part of this S** is in the inorganic sulfate 
fraction, although significant quantities are present in the ethereal and 
neutral sulfur fractions of the urine. 

10. Henderson, Y., and Haggard, H. W.: Noxious Gases and the Principles 
of Respiration Influencing Their Action, ed. 2, American Chemical Society 
Monograph Series, no. 35, New York, Reinhold Publishing Corporation, 1943, p. 71 

11. Fabre, R., and Vaquier, M.: Sur une technique d’extraction et de dosage 
du sulfure de carbone des organes; application a l'étude de la repartition de 
celui-ci au cours des intoxications aigues et chroniques, Compt. rend. Soc. de 


biol. 138:431, 1944. 


j 
2 
— 
4 
i @ 
é 
4 
a 
MEM 
} 
P 
A 
4 
2 


64 


INDUSTRIAL HYGIENE AND OCCUPATIONAL 


MEDICINE 


The presence of a limited amount of S** in the urine is of consid- 
erable interest and indicates either that the organism is unable to excrete 
the metabolized material above a certain rate or that the S*° is not readily 
available to the cellular enzymes of the liver and other organs for 
metabolism. The latter postulate seemis the more likely in view of the 
relatively small amount being excreted. 

Not all of the administered CS,* was accounted for, perhaps because 
of incomplete oxidation of the tissue with the Carius procedure. Unpub- 
lished work of Dr. J. Folch-Pi and collaborators shows the Carius 
procedure with methionine to give low sulfur recoveries, owing to the 
fact that the amino acid is difficult to oxidize. Thus in our Carius 
analyses a portion of the S** may not have been recovered. It is sig- 
nificant, however, that rather large amounts of administered CS,* 
can be excreted in the expired air and that appreciable quantities are 
metabolized and excreted as S*° in the urine and feces. The maxi- 
mum rate of detoxication and excretion, and thus a measure of the 
maximum allowable concentration of vapor exposure for workers in 
CS, industries, cannot be arrived at from these data, but there is a 
possibility that the continuation of similar work coupled with tissue 
enzyme studies will give a final answer. 


SUMMARY 
In this study it was found that: 
1. From 20 to 50 per cent of intracardially injected carbon disulfide 
containing the isotope S*® (expressed as CS,*) was retained by the 
guinea pigs, the amount of material one depending on the size 
of the dose. | 

2. The distribution of the retained CS,* \ injected or inhaled) was 
quite general throughout the body tissues. There was more S** in the 
liver tissue than in any other tissue studied. 

3. Although the nonmetabolized and volatile CS,* was excreted 
rapidly (thirty to sixty minutes) the body tissues retained large 
quantities of the S*® and gave them up slowly. 

4. The organism metabolized relatively large quantities of the 
retained CS,*, with about 30 per cent of the retained material being 
excreted |in the urine, largely as inorganic sulfates. 

5. The feces contained some metabolized S** (5 to 15 per cent), 
the amount increasing with the CS,* administered. 

6. Relatively long periods ( over two days) were required to saturate 
completely the tissues with nonreacted and metabolizéd carbon disulfide 


and even longer periods of time were required to metabolize and excrete 
the S**. 


| 
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THE CONCEPT OF REHABILITATION APPLIED 
TO PARAPLEGIA 


MORSE P. MANSON, Ph.D. 
VAN NUYS, CALIF. 


N AUGUST 1943 the National Council of Rehabilitation adopted the 
following definition : 


Rehabilitation is the restoration of the handicapped to the fullest physical, 
mental, social, vocational and economic usefulness of which they are capable. 


It is apparent that the variety and extent of services required by handi- 
capped persons will depend on the nature of their impairment. In 
some, rehabilitation may be effected through the use of a prosthetic 
device and a minimum of counseling; for the rehabilitation of the 
severely disabled person, such as the one with paraplegia, many special- 
ized services will be needed. 


The course of rehabilitation essentially consists of an initial or pre- 
paratory stage calling for the restoration of physical and mental functions 
and the preparation for remunerative work, and a second or culminat- 
ing stage leading to work placement and continued employment. 


The ultimate triad of objectives would be (1) economic usefulness, 
(2) social participation and (3) personal growth and satisfaction. The 
measures taken to reach all three objectives will be operating within 
the physiologic and psychologic limits of the individual patient. It is 


assumed here that, to reach his goals, the disabled person will have the 


necessary residual equipment together with being of working age, having 


the capacity to learn a job and possessing the personality characteristics 


needed to remain at work. 

It has been estimated’ that in the United States the number of 
persons who have paraplegia resulting from World War II is between ‘ 
2,000 and 2,500. In addition, approximately 1,000 healthy young adults 


each year are made helpless by severe spinal cord injuries? So long 


From the Birmingham Veterans Administration Hospital. 

Published with permission of the Chief Medical Director, Department of 
Medicine and Surgery, Veterans Administration, who assumes no responsibility 
for the opinions expressed or the conclusions drawn by the author 

1. Bors, E.: Spinal Cord Injuries, Veterans Administration, Technical Bul- 
letin 10-503, Washington, D. C., Government Printing Office, Dec. 15, 1948. 

2. Spurling, R. G.: Neurosurgery (and the Neurosurgeon) in World War II, 
J. A. M. A. 188:473-476 (Oct. 25) 1947. 
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as automobile, motorcycle, airplane, diving, falling and other accidents 
lead to paraplegia, many men and women will become incapacitated 
through spinal cord injuries. Therefore, the problem of the rehabili- 
tation of the paraplegic person may be considered to be a permanent one. 

Paraplegia results from an injury of the spinal cord, usually occur- 
ring suddenly, followed by paralysis of the lower half of the body 
bilaterally. There appear to be two general types of injury: (1) ver- 
tebral fractures with compression or severance of the spinal cord and 
(2) wounds penetrating the spinal cord. Such injuries bring about a 
total loss of motion and the need for the use of the wheel chair. Sensa- 
tion is disturbed or lost in the lower extremities. The higher the level 
of the injury of the cord, the greater is the involvement of body functions. 
If the lesion occurs in the cervical region, quadriplegia, or paralysis of 
the four extremities, may follow. In some cases problems of severe 
pain may develop. Sex function will be affected. Paralysis will bring 
an increased susceptibility to infections, especially in the genitourinary 
system. Renal or bladder calculi may occur. Loss of sensation and 
constant pressure over bony prominences cause decubitus ulcers. All 
these conditions require considerable medical and surgical management. 

In order to regain body movement and maximum use of muscles 
systematic retraining of shoulder, chest, arm and hand muscles is nec- 
essary. To prevent pressure sores, treatment is prescribed to toughen 
the skin. Should abnormal loss of body weight occur, additional feed- 
ings fortified with vitamins and protein-concentrated foods are given. 
Much of the paraplegic patient's strength is spent in fighting infections 
and undergoing surgical operations. He requires approximately four 
times the nursing care required by other patients. Thom, Von Salzen 
and Fromme ® stated : 
.. Acts formerly performed in an unthinking and automatic fashion now repre- 
sent challenges to functionless nerve patterns and unresponsive joints and muscles 
The most elementary forms of self-care must all be relearned arduously and often 
the physical equipment is inadequate for the task. 


To becom¢ ambulatory is a long and strenuous process of continued 
treatment, training and effort. In brief, merely to survive and over- 
come residual disabilities, the paraplegic person needs to maintain a 
twenty-four hour a day all-out battle. 

Psycholdgically, the personality absorbs the traumas of pain, shock, 
infection, extensive and intensive hospitalization, loss of movement, 
reduction if not total loss of sex function, impairment of control of 
bladder and bowel, and feelings of helplessness, dependence and depres- 
sion. With a single blow to the spinal cord a man, perhaps at the peak 


3. Thom, D. A.; VonSalzen, C. F., and Fromme, Al Psychological Aspects 
of the Paraplegic Patient, M. Clin. North America 30:473-480, 1946 
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of his physical development, is reduced from the independence of an 


adult to the dependence of a neonate. No personality, no matter how 


strong and stable, can face such a devastating onslaught without severe 
psychic repercussions. 


PROGNOSIS FOR REHABILITATION 


Until recent years the rehabilitation of paraplegic patients had been 
considered a futile task. A report from the Institute for the Crippled 
and Disabled * stated: 


.. A survey of the literature indicates that the maximum of rehabilitation 
that some physicians hoped for was the ability of the patient to sit in a wheel chair. 
Some physicians were even more pessimistic. 


Kennedy wrote: 


. . In general, it has been taken for granted that he (the paraplegic) was a 
hopeless cripple and that, from bladder infection and its sequelae, his life expectancy 


40. Mortality, 
Author Per Cent 
Guttmann (Great Britain) 
Jonosse and Betterell (Canada)... 
Prather (Army Hospital, U. 8. A.).......... wees 
Bors (Birm.ngham Veterans Administration Hospital, 
Van Nuys, Calif.) 


was brief. Nursing care and narcotics were in most instances the main 


treatment. 
Bors‘ noted that in World War I only 20 per cent of soldiers with 
spinal cord injuries reached the United States and only 10 per cent 


survived longer than one year; 1 per cent is now living (December 
1948). 


The chances of survival and rehabilitation have been tremendously 
increased. wrote: 


. . . Figures on the mortality of World War II are now available for the United 
States, Great Britain and Canada; they are dramatically lower than those recorded 
in World War I. Between 80 and 88 per cent survived to return from the theater 


of operation and of those returning to paraplegic centers, there has been . . 


mortality of only 2 to 8 per cent. 


Probably one of the outstanding medical achievements of World War 
II was the improved treatment of spinal cord injuries (see table). 


4. Rehabilitation Procedures in Spinal Cord Injury, Medical Department, 
Institute for the Crippled and Disabled, New York, N. Y. 
5. Kennedy, R. H.: 


The New Viewpoint Toward Spinal Cord Injuries, Ann. 
Surg. 124:105-107, 1946. 


| 
] 
Paraplegic Mortality in World War II (From Bors') oe 
; 
pape 
4 


68 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


Spurling,? Kennedy *® and others expressed the belief that para- 
plegic persons now have the opportunity to live out their normal life 
spans. Today, paraplegic persorfS are able not only to sit in wheel 
chairs but to engage in and enjoy—with improvisations in some cases 
—baseball, basketball, volleyball, badminton, bowling, billiards, archery, 
golf, swimming, water sports and racing in wheel chairs. They have 
gone hunting in the Canadian wilds and fishing in Mexican waters. 
They can ambulate with brates and crutches, drive automobiles and 
operate business enterprises. |Hundreds of paraplegic persons are rais- 
ing families and planning and ¢arrying through useful careers in machine 
shops, offices, stores, trade schools, business colleges and universities. 
There are clear indications that such persons will demonstrate profes- 
sional, commercial and industrial productivity on every economic leyel. 
REHABILITATION PROGRAMS 


Recent medical advances, such as the rapid and efficient transpor- 
tation of injured persons, the improved measures to counteract shock, 
the use of sulfonamides and antibiotics: and the new surgical technics 
have made possible the survival of paraplegic persons. ! 

In 1945 75 per cent of the paraplegic patients in Army hospitals 
were battle casualties, while 25 per cent owed their condition to acci- 
dents.© At that time 80 per cent were from the European Theater 
of Operation; 85 per cent had been members of combat arms rather 
than the various services or the Air Force. Th causes of the spinal 
cord wounds were bullets, shell fragments, land mines, other explosions, 
jeep accidents and falling objects. Although a large percentage of the 
paraplegic population in Veterans Administration hospitals were injured 
in combat or while on active military duty, growing numbers of non- 
service-connected, or civilian, casualties 4re appearing. 

Three programs for the rehabilitation’ of persons disabled by para- 
plegia will be described briefly: 

1. The Institute for the Crippled and Disabled,* treating’ civilian 
casualties, has four phases in the treatment and rehabilitation of patients 
with spinal cord lesions. These are: : 

(a) Neurologic or neurosurgical: the initial acute period, involv- 
ing diagnosis, location of the involved area and the extent of injuries, 
and surgical correction if necessary. 

(b) Urologic: the rehabilitation of the bladder function, the treat- 
ment of bladder and renal infections, calculi, fistulas, etc. 

(c) Surgical: the treatment of pressure sores and abnormal calci- 
fications and deformities of the joints. 


6. Ginzberg, E., and Klarman, H.: The Paraplegic, Bull. U. S. Army M 
Dept. 7:892-897, 1947. 
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(d) Physical and mental rehabilitation: the solution of problems 
of self care, locomotion and morale. 

2. Thom, VonSalzen and Fromme,* in describing a program used 
in the Army, expressed the opinion that emphasis of group activities 
rather than the efforts of isolated paraplegic persons is conducive to 
progress. This program included: 

(a) Period after injury: The first six months is taken up with 
preserving life and restoring homeostasis. 

(b) Period of ambulation: In the second six months effort is 
directed toward ambulation, and the “first faint sparks of motivation 
are struck.” 

(c) Transition period: The third six months reduces the impor- 
tance of medical and surgical procedures, and rehabilitation assumes 
more importance. (The use of the term “rehabilitation” in this instance 
refers to vocational rehabilitation. ) 

(d) Period of training for work: The fourth six months involves 
training for work and placement. “No other single factor will combat 
the apathy, dependence and autistic thinking of the patient. No other 
single factor will provide the motivation so necessary.” 

3. Bors! described the rehabilitation program for veterans at Birm- 
ingham Veterans Administration Hospital. This program is as follows: 

(a) Medical rehabilitation: This includes neurologic, neurosurgical 
and urologic treatment; treatment of decubitus ulcers; consideration of 
nutritional and orthopedic aspects. 

(b) Physical rehabilitation: This comprises physical therapy, cor- 
rective therapy and occupational therapy. “Its goal would be the utili- 
zation of remaining muscle power.” 

(c) Vocational-industrial rehabilitation: This includes vocational 
advisement, educational therapy and manual arts therapy. It “aims 
at the reintegration of the individual as a useful member of society.” 

All three programs stress the early physical rehabilitation of the 
patient. Both the Army and the Veterans Administration strongly 
emphasize the need for vocational training and work placement. 


CHARACTERISTICS OF PARAPLEGIC REHABILITATION PROGRAMS 


I have been a member of the rehabilitation team at Birmingham 
Veterans Administration Hospital for nearly three years. Many of the 
following comments and observations have been influenced by this 
experience and stimulated by the other members of the team. 

Rehabilitation is a dynamic reciprocal process emanating both from 
the hospital environment and personnel and from within the patient. 
Visible and invisible changes take place within the patient. Such changes 
result in adjustments of attitude and behavior. In the beginning, per- 
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haps, the recognition and acceptance of one’s disability may represent 
a milestone of progress. Active participation in one’s medical rehabili- 
tation may be a second advance. Often resocialization is a third forward 
step. Participation in a realistic program leading toward self sufficiency 
is a good sign of improvement. Finally, real and steady work followed 
by the satisfaction of social acceptance must be accomplished. 

Programs for the rehabilitation of paraplegic persons place emphasis 
on various characteristics found to be efficacious. The following char- 
acteristics are important: 

1. An integrated rehabilitation program: Since the purpose of 
rehabilitation is to aid the paraplegic person to become a healthy, well 
adjusted, productive and participating member of society, all programs 
stress the importance and need for the integration of medical, psycho- 
logic, vocational and social services. The most effective teams have 
included surgeons, internists, neurosurgeons, orthopedic surgeons, 
urologists, psychiatrists, psychologists, vocational counselors, social 
workers, training officers, occupational therapeutists, physical thera- 
peutists, corrective therapeutists, educational therapeutists, nutritionists 
and adequate nursing and ward personnel. Members of such teams 
must work closely together, should be sensitive to the individual needs 
of each paraplegic patient and creative in the development of therapeutic 
technics. “Perhaps in no other group of patients is successful rehabili- 
tation so dependent upon a continuous and |integrated program of 
convalescence.” * 

2. Individualized programs: Since each person is unique, a highly 
personalized program built around each paraplegic patient’s physical 
capacity, interests, abilities and aspirations is the desideratum. The 
development of such programs calls for careful study and planning, 
thorough psychologic evaluations, well documented social histories, 
sound vocational counseling and often explorations in work and study 
activities. Creative rehabilitation rather than routine services should 
be the general rule. 

3. Emphasis on realistic and positive aspects: Strong positive 
emphasis, not saturated with overoptimism or blurred with the unreali- 
ties of fantasy and autistic thinking, should be placed on the residuals 
and potentials of the paraplegic person. Losses or inabilities should 
not be referred to, but if discussed, should be treated in a casual or a 
matter of fact manner. All assets need to be studied and considered 
objectively. Probably the greatest asset of the paraplegic person will 
be his determination to rehabilitate himself. The growth of this internal 


7. United States Army, Convalescent Care and Rehabilitation of Patients with 
Spinal Cord Injuries, War Med. 8:199-205, 1945. 
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force needs to be skilfully encouraged. “A defeatist attitude is intol- 
erable in the care of traumatic myelitis. . . . Maximal rehabilitation 
is essential for preservation of morale and human dignity.” ' 

4. Development of motivation: Psychologic assistance often is 
needed by paraplegic persons to work through their overwhelming 
feelings of despondency, despair and anxiety. Regressive behavior is 
frequently present. Almost from the beginning of treatment, rehabili- 
tation workers need to keep in mind the importance of encouraging 
the paraplegic person to think of the future in terms of study, work, 
hobbies, social participation and growth. In the early stages, tangible 
and reachable objectives should be placed before him. Later he will 
develop his own power to move toward his goals. 

5. Resocialization: This involves restoring the interest and the self 
confidence needed for group activities, not only within the hospital but 
within the family, the community and society in general. Resocializa- 
tion is preparation for life. It often leads to new friendships, marriage 
and family responsibilities. Warm human relationships add much to 
the long convalescent period of the paraplegic patient. 

6. Vocational counseling: To some extent, most paraplegic persons 
under favorable circumstances can become productive. When one of 
them becomes ambulatory, or sooner, vocational counseling may begin. 
The careful measurement and evaluation of interests, abilities, aptitudes, 
achievements, experiences, hobbies and personality traits often suggest 
a number of work or study plans. In many cases several feasible pro- 
grams can be developed. Only a small percentage of parapelgic patients 
present extreme difficulties in the development of sound and practical 
plans of rehabilitation. It should be kept in mind, however, that although 
most of them will develop the motivation to plan programs, only a much 
smaller percentage will follow the plans through, and a still smaller 
percentage will reach the objectives. 

7. Selective placement: Merely to motivate and train a paraplegic 
person is not enough. He must be able to use his skills and knowledges 
with pleasure and for remuneration. To do this requires the control of 
many factors, otherwise frustrations and reverses may negate efforts at 
rehabilitation. Problems of transportation, housing, work tolerance, 
toilet facilities, entry and exit, parking space, rest facilities, arrange- 
ments of work benches or machines, regular medical check-ups, and 
satisfying and meaningful accomplishments all need to be carefully 
resolved before a paraplegic person can accomplish his goals. In this 
area a versatile and aggressive training officer is of paramount 
importance. 

8. Community cooperation : The rehabilitation of a paraplegic patient 
is an acid test not only for the rehabilitation specialists but for the com- 
munity in which the paraplegic plans to live and work. The rehabilita- 
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tion of a war-disabled paraplegic patient is in large part the responsibility 
of his community. To carry through the training phases of rehabili- 
tation, schools need to provide adequate teaching facilities, adjusted 
schedules, necessary ramps and various special services. Business and 
industry must provide work opportunities with full awareness of the 
implications of paraplegia. The economic adjustment of the severely 
disabled veteran depends on the understanding of business and industry. 
The community should make every etfort to provide suitable employ- 
ment for those who became disabled in the defense of their country. 
Many observers ' have noted that the failures in paraplegic programs 
were frequently due to lack of jobs and unrealistic attitudes of employers. 
Training officers * Lelieve that paraplegic persons will not find it difficult 
to enter the economic life of their communities when properly trained 
* for work and selectively placed. However, the problems involved will 


be complex and constantly changing. The Bulova Watch Company in 

establishing the Bulova School of watchmaking in Long Island, New 

York, in 1944, has set an excellent example. ,This school was archi- 

tecturally designed to accommodate disabled students; its equipment is 

modern, and its staff of instructors is well trained and oriented td the 
problems of the severely disabled person. In addition to training, the ; 
Bulova School provides considerable assistance in the placement of its . 
graduates. 


SUMMARY AND CONCLUSIONS 


The concept of rehabilitation has been applied to paraplegic victims 
of World War I]. Until recently the rehabilitation of a paraplegic 
patient had been} considerell an impossible task. Today paraplegic 


persons have the opportunity to live a normal life span, and their reha- 
bilitation is a possibility. Paraplegia may be considered a permanent 
challenge to rehabilitation workers, since approximately 1,000 persons 
in the United States are disalpled each year by severe spinal cord injuries. 


Three rehabilitation programs are described. 


Eight characteristics of successful — rehabilitation programs 
are discussed. They are: 


1. An integrated rehabilitation program 


Individualized programs 


2 
3. Emphasis on realistic and positivé aspects 
4. Development of motivation 

5. Resocialization 

6. Vocational counseling 


Selective placement 


8. Community cooperation 


8. Kidwell, C. R.: An Analysis of the Vocational Training of Sixty-Six Male 
Paraplegic Veterans, Occup. Therapy; to be published. 
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IMPORTANCE OF DIET IN STUDIES OF CHRONIC TOXICITY 


ROBERT H. WILSON, Ph.D. 
AND 
FLOYD DeEDS, Ph.D. 
ALBANY, CALIF. 


VIDENCE has been accumulating, especially in the last few years, 

that the nutritional status of an animal is in some cases an important 
factor in its response to experimental conditions. This subject has been 
examined in a number of reviews, so that no extended consideration 
is necessary here. Berry, Davis and Spies' have discussed the problem 
in relation to bacterial infection, indicating that a well nourished animal 
can develop protective mechanisms with greater facility than its mal- 
nourished control. While this finding seems to be the usual one, it is 
not invariable. For example, Hitchings and Falco * recently reported 
that mice receiving a poorer diet were more resistant to a pneumococcic 
infection than their better-fed controls. While adequate nutrition gen- 
erally protects against bacterial infection, there is evidence® that it 
increases susceptibility to virus infection ( poliomyelitis ). 

Cancer is the disease condition that has been most widely studied 
irom a nutritional poit of view. Morris,‘ in reviewing the subject, 
pointed out that the presence or the absence of various dietary factors 
may affect carcinogenesis or the rate of tumor growth in different ways, 
sometimes inhibiting, sometimes augmenting, sometimes having no effect. 
Che effect of diet on cancers of the liver produced by p-dimethylamino 

From the Pharmacology Laboratory, Bureau of Agricultural and Industrial 
Chemistry, Agrieultural Research Administration, United States Department of 
Agriculture. 

1. Berry, L. J.; Davis, J., and Spies, T. D.: The Relationship Between Diet 
and the Mechanism for Defense Against Bacterial Infections in Rats, J. Lab. & 
Clin. Med. 30:684, 1945. 

2. Hitchings, G. H., and Falco, E. A Effects of Whole-Wheat and White 
Bread Diets on Susceptibility of Mice to Pneumococcal Infection, Science 104: 568, 
1946, 

3. Rasmussen, A. F., Jr.; Waisman, H. A.; Elvehjem, C. A., and Clark, P. F.: 
Influence of the Level of Thiamine Intake on the Susceptibility of Mice to Polio- 
myelitis Virus, J. Infect. Dis. 74:41, 1944. Foster, C.; Jones, J. H.; Henle, W., 
and Dorfman, F.: The Effect of Vitamin B, Deficiency and of Restricted Food 
Intake on the Response of Mice to the Lansing Strain of Poliomyelitis Virus, J. 
Exper. Med. 79:221, 1944. 

4. Morris, H. P.: Some Nutritional Factors Influencing the Origin and 
Development of Cancer, J. Nat. Cancer Inst. 6:1, 1945. 
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azobenzene * is the best studied and most widely known example of 
the effect of nutrition on carcinogenesis. 

Less is known concerning the effect of diet on toxicity. Perhaps 
the most striking example was described by Dieke and Richter,* who 
showed that the diet could change the L.D.,, of thiourea for rats from 
44 to 640 mg. per kilogram. They described the diets but did not 
attempt to determine what variable modified the toxicity. Diet has been 
shown to modify the toxicity of polyethylene glycols applied to the skin 
of rabbits.’ Protein or amino acids have been reported to be protective 
against the acute toxicities of halogenated hydrocarbons,*® benzene,’ 
emetine,"® ergot,’ alloxan ‘* and phenol.** Cyanide has been found 
more toxic to animals on a high protein diet '* than on one with less 
protein, although this greater susceptibility may have been due in part 
at least to other factors. Fats added to a diet increased the toxicities 
of benzene,’ alloxan ** and dichlorodiphenyltrichloroethane (DDT) 
and decreased the toxicity of cyanide '*; fat augmented the acute tox- 
icity and decreased the chronic toxicity of derris."* It was suggested '* 


5. Sugiura, K., and Rhoads, C. P.: Experimental Liver Cancer in Rats and 
Its Inhibition by Rice-Bran Extract, Yeast, and Yeast Extract, Cancer Research 
1:3, 1941 

6. Dieke, S. H., and Richter, C. P.: Acute Toxicity of Thiourea to Rats in 
Relation to Age, Diet, Strain and Species Variation, J. Pharmacol. & Exper. 
Therap. 83:195, 1945. 

7. Luduena, F. P.; Fellows, J. K.; Laqueur, G. L., and Driver, R. L.: 
Toxicity of Polyethylene Glycols by Repeated Epidermal Applications, J. Indust 
Hyg. & Toxicol. 29:390, 1947. 

8. Goldschmidt, S.; Vars, H. M., and Ravdin, I. S.: The Influence of the 
Foodstuffs upon the Susceptibility of the Liver to Injury by Chloroform, and the 
Probable Mechanism of their Action, J. Clin. Investigation 18:277, 1939, 

9. Li, T. W., and Freeman, S.: The Effect of Protein and Fat Content 
of the Diet upon the Toxicity of Benzene for Rats, Am. J. Physiol. 145:158, 
1945. 

10. Guggenheim, K., and Buechler, E.: The Effect|of Quantitative and Qualita- 
tive Protein Deficiency on Tolerance to Emetine, J. Pharmacol. & Exper. Therap. 
93:273, 1948. 

11. Fitzhugh, O. G.; Nelson, A. A., and Calvery, H. O.: The Chronic Toxicity 
of Ergot, J. Pharmacol. & Exper. Therap. 82:364, 1944. 

12, Houssay, B. A., and Martinez, C.: Experimental Diabetes and Diet, 
Science 106:548, 1947, 

13. Meyer, A. R.: Influence of Diet on Intoxication with Phenol and Cyanide, 
Proc. Soc. Exper. Biol. & Med. 41:402, 1939. 

14. Sauberlich, H. E., and Baumann, C. A.: Effect of Dietary Variations upon 
the Toxicity of DDT to Rats or Mice, Proc. Soc. Exper. Biol. & Med. 66:642, 
1947, 

15. Ambrose, A. M.; DeFds, F., and Cox, A. J., Jr.: The Effect of High Fat 
Diet on Chronic Toxicity of Derris and Rotenone, J. Pharmacol. & Exper. Therap 
78:9, 1943. 
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that fat aided in the absorption of DDT; such an explanation cannot 
be used for benzene, with the animals exposed to vapors, nor for alloxan 
injected intravenously. Ordinarily, if there is no dietary effect on 
toxicity, it is not noted in the literature, although senna has been 
reported ** to have the same toxicity on a variety of diets. 

During the past fifteen years this laboratory has studied a consider- 
able number of compounds for possible chronic toxicity. These sub- 
stances were food contaminants, potential medicinal substances which 
might be taken for a fairly long time, or materials intended as insecti- 
cides, giving rise to a spray residue problem. Most of our results have 
been published, and when checked by other laboratories, corroborated. 
In the course of later studies, in which we wished to produce cardiac 
hypertrophy and certain bone marrow changes in rats, we selected as a 
tool a substance, cadmium, which we *? had studied and with which we 
were familiar. Our findings on the chronic toxicity of cadmium, includ- 
ing the bleaching of rat incisors, anemia and cardiac hypertrophy, had 
been verified in other laboratories.'* In our published report we had 
stated that as little as 16 p.p.m. of cadmium in the diet produced 
noticeable bleaching of incisors and 31 p.p.m. had a marked effect on 
teeth, blood and heart. In the new experiment there was no anemia or 
cardiac hypertrophy and only a questionable effect on the teeth with a 
concentration of 250 p.p.m. of cadmium. 


In another study we wished to use animals with cancer as tools 


in the study of other compounds. To produce the malignant growths, 
rats were fed diets containing acetaminofluorene (AAF), a compound 
on which we '* had made extensive studies. Lesions developed in the 
animals but were not entirely typical in time of development or gross 
appearance, considering the concentrations of AAF employed. 


All of these studies had a number of factors in common. The same 
strain of rats was used throughout; the animals were handled by the 
same people and housed in the same cages. There appeared to be two 
variables: The type of diet had been changed and the source of drinking 


16. Hazleton, L. W., and Talbert, K. D.: Factors Influencing the Cathartic 
Activity of Senna in Mice, J. Am. Pharm. A. (Scient. Ed.) 34:260, 1945 

17. Wilson, R. H.; DeEds, F., and Cox, A. J., Jr. Effects of Continued 
Cadmium Feeding, J. Pharmacol. & Exper. Therap. 71:222, 1941. 

18. Fitzhugh, O. G., and Meiller, F. H.: The Chronic Toxicity of Cadmium, 
Scient. Proc. Am. Soc. Pharmacol. & Exper. Therap., 1941, p. 15. Ginn, J. T., 
and Volker, J. F.: Effect of Cadmium and Fluorine on the Rat Dentition, Proc. 
Soc. Exper. Biol. & Med. 57:189, 1944. Leicester, H. M.: The Effect of Cadmium 
on the Production of Caries in the Rat, J. Dent. Research 25:337, 1946. 

19. Wilson, R. H.; DeEds, F., and Cox, A. J., Jr.: The Toxicity and Carcin- 
ogenic Activity of 2-Acetaminofluorene, Cancer Research 1:595, 1941. 
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water was different, leading to a possible change in mineral intake. 
The work reported in this paper shows that the change in diet was the 
factor which caused the varied responses. Since thiourea was one of 
the materials we were studying and since the acute toxicity of thiourea 
was known to be greatly influenced by the diet of the test animal, this 
compound was included also, along with cadmium and AAF. Xylose 
was added to the list when it developed that its toxicity was greatly 
influenced by the dietary regimen. 


EXPERIMENTAL STUDIES 
Animals.—In all the experiments in this report, the same strain of rats described 
in detail in an earlier paper?” was used. 
Diets.—A. In our earlier work and most of the recent work we used a diet 
developed by Dr. Thomas Addis, of Stanford Univérsity School of Medicine. It 
contained: yellow corn meal, 73; linseed oil cake meal, 10; alfalfa meal, 2; 


Tasre 1.—Amalysis of Diets 


Diet A, Diet B, Diet C, 
Percentage Percentage Percentage 
Crude protein : 16.2 21.0 22.6 
to or greater 
Crude fat....... 7.2 4.0 8.2 
Equal to or greater 
Crude fiber... ... 3.0 6.0 0.1 
Equal to or less 
3.6 9.0 3.8 
Nitrogen-free extract.. 00.6 46.0 65 


qual to or greater 


casein, 10; cod liver oil, 3; bone ash, 1.5, and sodiurh chloride, 0.5 per cent. An 
analysis is given in table 1. On this diet the animals ate and grew well, in a 
reproducible manner, and, ordinarily, bred satisfactorily. Occasionally, when the 
number or the quality of litters was considered deficient, various supplements were 
given to the breeding colony but never to the experimental animals. 

B. During the war some of the constituents of diet A became difficult to 
obtain, and a commercial dog chow was substituted. Because it was somewhat 
more readily obtained than some of the other brands and seemed to be as satis- 
factory, purina® dog chow meal was used. The ingredients, according to the label, 
were derived from a number of natural products to give a guaranteed analysis as 
indicated in table 1, 

C. Some of the rats of the xylose experiment received a diet described by 
Darby and Day *° as being satisfactory for studies of cataract formation. It 
consisted of: casein, 18; corn starch, 26; monosaccharide, 35; butter fat, 6; cod 
liver oil, 2; yeast, 10; salts, 3 per cent. The analysis would be approximately as 
shown in table 1. 

Cadmium.—Weanling rats weré placed on diet B to which cadmium chloride 
had been added with thorough mixing to give the desired concentrations of cadmium. 


20. Darby, W. J., and Day, P. L.: Blood Sugar Levels in Rats Receiving the 
Cataractogenic Sugars Galactose and Xylose, J. Biol. Chem. 183:503, 1940. 


4 

‘4 


WILSON-DeEDS—DIET IN CHRONIC TOXICITY 


To facilitate the thorough dispersal of the salt, it was dissolved in a minimum ol 
water and added drop by drop as the food was being mixed. In this experiment 
there were two groups of animals, 3 controls and 9 experimental rats. The initial 
concentration of cadmium was 62 p.p.m. Because no signs of anemia had 
developed, the concentration was doubled on the fifty-second day, and doubled 
again on the seventy-fourth day. Hemoglobin determinations and red blood cell 
counts were made periodically for three hundred and forty days. 


At no time was 
there any indication of anemia. 


The incisor teeth were examined occasionally, 
beginning on the one hundred and fiftieth day. By this time the animals were 
adult, when the teeth would be less susceptible to bleaching, but with a concen- 
tration of 250 p.p.m. of cadmium bleaching would have been complete if earlier 
work had been duplicated. Bleaching of minor degree, however, was all that was 
noticeable. Growth was nearly normal, in marked contrast to the earlier study. 
Heart weights and the appearance of the various organs were normal at autopsy 

Two subsequent experiments were made. In both, some groups, each containing 
5 males, received diet A, others diet B. In one experiment the concentration of 
cadmium was 125 p.p.m., and in the other, 62 p.p.m. Teeth were examined at 
weekly intervals, and hemoglobin determinations were made monthly. Only the 
results from the 125 p.p.m. experiment will be discussed, since the trend in 
the other was the same but, naturally, less marked. 

In the animals receiving diet A the normal coloration of the teeth stopped 
abruptly on the twelfth day, with rapid bleaching to complete and lasting whiteness 
Hemoglobin values dropped within a month to 5 Gm. per hundred cubic centi- 
meters and stayed slightly below this figure for the remainder of the one hundred 
and seventy-five day experimental period. At the end of this period, the rats receiv- 
ing cadmium weighed 175 Gm., compared with 276 Gm. for the controls 

Animals receiving diet B showed the same type of bleaching response up to 
the fortieth day, when bleaching was nearly complete. 
was a gradual coloration of the incisors so that 
the whiteness was judged to be between + and 
bleaching was +-+-+. 


From that time on there 
at the end of the experiment 

on a scale where complete 
Hemogiobin values fluctuated between 8 and 12 Gm. per 
hundred cubic centimeters of blood, compared with values of 13 to 15 Gm. in the 
controls. Body weights were nearly identical with those of the controls. 


2-Acetamino fluorene.—We *1 have reported that a combined supplement of yeast, 
cod liver oil and wheat germ which was added to an acetaminofluorene-containing 
diet, did not affect the development of tumors. Diet A was the basal ration in 
this earlier study. Harris 22 found no modifications of acetaminofluorene-induced 
liver tumors when he changed protein level or administered liver extract, and 
Engel and Copeland 2 got the same incidence of mammary tumors on each of 
two semipurified diets. However, Bielschowsky ** noted that when yeast was 
added to the particular diet used by him, development of tumors was delayed. 

21. Wilson, R. H.; DeFds, F., and Cox, A. J., Jr.: The Carcinogenic Activity 
of 2-Acetaminofluorene: III. Manner of Administration, Age of Animals, and 
Type of Diet, Cancer Research 7:450, 1947. 

22. Harris, P. N.: Production of Tumors in Rats by 2-Aminofluorene and 
2-Acetylaminofluorene, Cancer Research 7:88, 1947. 

23. Engel, R. W., and Copeland, D. H.: Mammary Carcinoma in Female Rats 
Fed 2-Acetylaminofluorene, Science 108: 336, 1948. 

24. Bielschowsky, F.: The Effect of a Diet Containing Yeast upon the Develop- 
ment of Tumours Induced by 2-Acetyl-Amino-Fluorene, Brit. J. Cancer 1:146, 
1947. 
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Following our reported studies 2! and at the time we were writing the report, we 
began the experiment mentioned in the introduction of the present paper. The 
results suggested a dietary effect and caused us to introduce a word of caution 
into our report.*? To explore the question further, the following experiment was 
performed: Four groups of 5 week old females, 5 animals toa group, were used. 
Diets A and B, containing acetaminofluorene in concentrations of 0.062 and 0.125 
per cent, were fed for the first seventy-five days of the experiment and the same 
diets without added acetaminofluorene were fed to the end of the experimental 
period. Animals were weighed and observed carefully at weekly intervals until 
autopsy or the termination of the experiment, which lasted four hundred and forty- 
five days. Gross observations without microscopic study were made; the lesions 
could be said to resemble or differ grossly from those previously seen, but no 
diagnosis of cancer was made. Among the animals fed diets containing 0.125 
per cent of acetaminofluorenc, tumors developed in all those fed diet A and 4 of 5 


fed diet B. Tumors of the head were frequent in both groups and were about the 
only lesions except hepatic cysts seen in the diet B animals. Hepatic tumors and 
bladder and uterine lesions were found in the rats fed diet A. The difference is 
suggestive, but there were too few animals to justify a conclusion regarding change 
in type and incidence of lesions. 


With the 0.062 per cent concentration of acetaminofluorene, a clear difference 
between the animals fed the two diets was apparent. Rats receiving diet A 


Taste 2.—Effect of Diet on Time of Development of Acetaminofluorene Tumors 


Acetaminofiuorene, Time Until Autopsy, 
Percentage Days 


0,062 


0.125 


resembled those receiving the same diet with the higher concentration of acetamino- 
fluorene, except that there were some mammary tumors. Those receiving diet B 
were distinctly different. Except for two uterine tumors (one quite small) and a 


hepatic nodule, lesions found at the termination of the experiment were practically 
limited to hepatic cysts. 


As indicated in table 2, the average time until autopsy in the group receiving 
diet B with 0.062 per cent acetaminofluorene was quite different from that in 
the other graups; in the latter groups the time agreed well with values previously 
published.25 


Thiourea.—The studies on the chronic toxicity of thiourea will be reported in 
more detail elsewhere. At this time only the effect of diets A and B will be con- 
sidered. Thiourea was incorporated in the diets in several concentrations and 
fed to female rats for one hundred and fifty days (diet A) or three hundred days 
(diet B). With both diets there were decreased rate of growth and enlargement 
of the thyroid gland when the concentration of drug was 0.15 per cent of the diet 
With concentrations of 0.05 per cent or less, all animals grew and appeared 
essentially like control rats. Histologic examination (Dr. A. J. Cox Jr., Stanford 
University School of Medicine, San Francisco) showed that the thiourea produced 


changes in the thyroid gland, the adrenal glands and the liver, changes which will 


25. Wilson, R. H.; DeEds, F., and Cox, A. J. Jr.: The Carcinogenic Activity 
of 2-Acetaminofluorene: II. Effects of Concentration and of Duration of Exposure, 
Cancer Research 7:444. 1947 
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be described in detail in the forthcoming paper. There were some histologic 
differences between the animals on the two diets, but the differences were minor. 

Because of the observations of Dieke and Richter * on the decided effect of diet 
on acute thiourea toxicity, a number of adult rats maintained on one or the other 
of the two diets were given the drug by stomach tube. These experiments 
indicated that our animals were very susceptible to the compound (the L.D.o was 
between 1 and 2 mg. per kilogram), that their symptoms were similar to those 
described in the literature for acute toxicity and that the toxicity did not differ 
with the two diets employed. 

Xylose—The examination of the pharmacologic properties of this compound 
is still in progress, so that consideration will be limited at this time to the effect 
of diet on growth and general appearance. Diet C was the diet of reference in 
this experiment. When 35 per cent of the diet was xylose, thus accounting for 
all of the monosaccharide, the rats ate and grew poorly for a week, and had 
some diarrhea. Following this period, the intake of food and the growth 
became fairly satisfactory, and the diarrhea disappeared. Two other groups of 5 
rats each were given diets consisting of 35 per cent of xylose and 65 per cent of 
diet A or B, respectively. The effect on these animals was quite severe, more 
than can be accounted for, according to our previous experience,** by the dilution 
of the diet. Animals on diet A lost weight the first week, and then slowly grew 
until the termination of the experiment, five weeks from the start. There was 
one death. The reaction to diet B was so severe that, to save the 3 remaining 
animals, that diet was given without xylose after the second week. 

The difference in reaction between diet C and the other two diets deserves some 
comment. Except for the yeast, diet C was a synthetic ration of purified ingredients 
and might be expected to protect less than the natural foods of the other rations. 
That the opposite was the case indicates that in studies such as these prediction 
is dangerous. 

COMMENT 


The results described in the foregoing pages can be summarized 
briefly as follows: Diet A, as compared with diet B, greatly increased 
the toxicity of cadmium. It did the same for acetaminofluorene, but to 
a lesser extent. With thiourea, where a marked difference might be 
expected, there was little if any difference between the two diets. With 
xylose the toxicities were reversed, and the rats receiving diet B were 
the more severely affected. 

These variations in the effect of diet on toxicity give rise to several 
important questions. When a pharmacologist is given a substance to 
test for chronic toxicity, what diet is he to use for his animals? The 
reason for his study is, ordinarily, to find whether the substance will 
present a public health hazard. Should the experiment be conducted 
on the assumption that the public is adequately fed, or should the greatest 
possible toxicity be looked for, to protect those who are suboptimally 
nourished? With what kind of diet will the greatest toxicity develop? 
Diet B is a mixture of a greater variety of natural foods than diet A, 


26. Wilson, R. H.; McNaught, J. B., and DeFds, F.: Chronic Nicotine 
Toxicity: IV. Effect of Nicotine-Containing Diets on Histology and Weights of 
Organs of Albino Rats, J. Indust. Hyg. & Toxicol. 20:468, 1938. 


3 
‘ak 
: 
i 
ee 
£ 
} 
‘ 
x 
a 
i 
3 


80 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 
and led to greater toxicity once and lesser toxicity twice, with one tie. 
The situation is somewhat like that which determines susceptibility to 
bacterial or virus diseases. The nutritional state that protects against 
one increases susceptibility to the other. A possible answer is that a 
variety of diets should be used for any study of chronic toxicity. But 
even a variety leaves open the possibility that still some other dietary 
regimen would have revealed a toxicity not shown by the others, and, 
furthermore, a variety of rations would tremendously increase the 
cost and effort of the study. 

Our own answer to these questions is not a satisfactory one, although 
it seems to us to have fewer points against it than some other answers. 
We routinely use a diet which we feel is adequate but fairly close to 
the borderline. Diet A is such a ration. Using this we would not have 
missed the adverse growth effects of xylose, although we would not 
have seen the greatest possible effect. On the other hand, we found 
toxic effects from cadmium which would have been missed with diet B. 
Diet A is more desirable from another standpoint, also. While its 
constituents may vary somewhat: from batch to batch and season to 
season, the variations will be less than in a commercial ration such as B. 
The proteins, carbohydrate, etc., of the latter are kept fairly constant, 
but the constituents which furnish these nutrients are varied. Certainly 
it cannot be said that two proteins in equal amounts are necessarily 
nutritionally equivalent. Diet A seems to approach reproducibility more 
nearly, than does diet B. 

It would be interesting to know what substances were responsible 
for the differences exhibited by the two diets. For any individual toxic 
compound, such information might be quite valuable. But for each 
toxic substance a fresh search would have to be made. In the examples 
of dietary control of chronic toxicity given in this paper, it is very 
improbable that one substance could increase toxicity in some cases and 
decrease it in others. 
SUMMARY 
The chronic toxicities to rats of four substances are discussed in 
relation to two diets. The results were: 

1. Diet A greatly increased the toxicity of cadmium. 

2. It slightly increased the toxicity of 2-acetaminofluorene. 

3. Diets A and B were equal from the standpoint of toxicity of 
thiourea ; acute as well as chronic toxicity of this compound was studied. 

4. Diet B increased the toxicity of xylose. In this case, a third 
diet gave still another answer. 

Variations such as these make it difficult to decide how to conduct 
investigations on chronic toxicity. This subject is discussed in some 
detail 
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COMPOSITION OF NITROUS FUMES FROM INDUSTRIAL 
PROCESSES 


HARLAND A. WADE, B.S. 


HERVEY B. ELKINS, Ph.D. 
AND 
BENJAMIN P. W. RUOTOLO, B.S. 
BOSTON 


F THE toxic gases occurring in industry which occasionally 
jeopardize the public, the oxides of nitrogen are among the most 


dangerous. Many of the 125 deaths resulting from the Cleveland 


Clinic film disaster in 1929 were probably 


due to inhalation of these 
gases. The recent literature of industrial 


hygiene reveals reports of 


Nitrous Fumes 


Deaths 


AW 


Before 1980 1930-1969 140-1949 

Nitrie acid dip* 4 

Oxyacetylene toreht . 

Burning explosives { 

Miscellaneous § 


Total 


* Keicher: Death from Nitrous Gases, Arbeitsschutz, 1988, p. 9; abstracted, J. Indust Hyg 

& Toxicol, 20: 181 (Oct.) 1968. Krauland, W Fatal Aceident from Nitrous Gas, Wien. klin. 

Wehnsehr. 52 : 493, 1989; abstracted, J. Indust. Hyg. & Toxicol. 212213 (Nov.) 1669. Rossano, 

4. T., Jr: A Fatal Case of Poisoning by Oxides of Nitrogen, J. Indust. Hyg. & Toxicol. 

5. Treiger, P., and Przypyszny, ( Nitrie Acid » Pneumonia, Indust. Med 

J.; Melior, J. F., Jr.; Koppenhaver, F $.; Cleland, J. G.; Galloway, 

4 L. R.: Berylium-Heaith Hazards in the Extraction of Beryllium Oxide from 

feryl and Beryllium Alloy Manufacture, ibid. 18: 100, 1649 Andersen, A. H., and Fosdal, J.: 

Nitrie Acid Gas Poisoning, Nord. med, 322 2289, 1046; abstracted, Brit. J. Indust. Med. 5 39, 
1948 


+ Hatt, F.: Nitrous Gas Poisoning in Welders, Schweiz. Med. Wehnsehr. 763 488, 1946; 
abstracted, J. Indust. Hyg. & Toxicol. 29232 (Mareh) 197. Koelbel: Another Fatal Gas 
Poisoning in Acetylene Welding in a Boller, Arbeiteschutz, 1968, p. 21; abstracted, J. Indust 
Hyg. & Toxicol. 20282 (April) 1938 Kienitz, H Fata! Intoxication During Acetylene 
Welding, Ztsehr. f. komprimierte u. flissige Gase 34:9), 1999; abstracted, Chim. et Indust. 
432460, 190; J. Indust. Hyg. & Toxicol, 2232184 (Nov.) 1940. Lindquist, T.: Nitrous Gas 
Poisoning Among Welders Using Acetylene Flame A Study of Sixteen Cases Including Four 
Deaths, Acta med. Seandinay. 118210, 1944; abstracted, J. Indust. Hyg. & Toxicol, 27 11% 
(Sept.) 145. Wright-Smith, R. J A Case of Fatal Gas Poisoning in Welding in a Closed 
Tank, J. Indust. Hyg. & Toxicol. 21:24, 1989. Duyster, D. W., and Coppens, P. A.: Poisoning 
Caused by the Use of Oxyacetylene Burners, Nederl. tijdsehr. vy. geneesk. 8% 24188, 1044; 
abstracted, Chem. Abstr. 37 : 2485, 1943; Chem. Zehtralbl. 1 640, 1942 Adley.* 
t Charleroy, D. K.: Nitrous and Nitrie Gas Casualties, U. S. Nav. M. Bull, 44% 435, 1945; 
abstracted, J. Indust. Hyg. & Toxicol, 27:% (May) 1% Derrick, E. H., and Johnson, 
D. W.: Three Cases of Poisoning by Irrespirable Gases Phosgene from Trichlorethylene, 
Nitrogen Dioxide, Carbon Dioxide with Reduction of Oxygen, M. J. Australia 212355, 1943; 
abstracted, Indust. Hyg. Digest (Item No. 591) @1213, 1944 

$ Von Ovttingen, W. F.: The Toxicity and Potential Dangers of Nitrous Pumes, Public 
Health Bulletin No. 272, United States Public Health Service, Federal Seeurity Agency, 1941 
McConnell, W. J.; Flinn, R. H., 


and Brandt, A. D Occupational Diseases in Government 
Owned Ordnance Explosive Plants, Oceup. Med. 12551, 146 


From the Division of Occupational Hygiene, Massachusetts Department of 
Labor and Industries. 
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47 deaths from such gases since 1930 and refers to reports of nearly 
100 fatalities prior to that date. These deaths, classified by source of 
fumes, are summarized in table 1. 
CHEMISTRY OF NITROUS FUMES 
Nitrous fumes consist mainly of nitric oxide and nitrogen dioxide. 
Nitric oxide is formed in small amounts from the oxygen and nitrogen 
of the air at high temperatures such as are produced by electric arcs 
and oxyacetylene flames ; it is also formed when dilute nitric acid reacts 
with reducing agents. 

1. Ns+Os=2NO 

2. 2 HNO, (dilute) = HsO + 2 NO + 3(O) 

Nitrogen dioxide is produced by the reaction of concentrated nitric 
acid and reducing agents, and by the oxidation of nitric oxide, which 
occurs spontaneously in the air at ordinary temperatures. 

: 3. 2 HNO, (concentrated) = HsO + 2 NO; + (O) 
4. 

Nitrogen dioxide is unstable at high temperatures. It reacts with 
water to form nitric and nitrous acids. Nitrous acid decomposes 
spontaneously, but its salts are stable in alkaline solution. 

5. 2 NO. + H:O = HNO, + HNO, (or corresponding salts in 
alkaline solution) 
6. 3 NO. + HO = 2HNO, + NO (in acid solution) 


TOXICOLOGIC 


OBSERVATIONS 
Nitric oxide in high concentrations causes cyanosis due to formation 
of methemoglobin. So far as is known, its effects in low concentrations 
are relatively minor. Nitrogen dioxide, on the other hand, is an irritant 
gas, damaging lung tissue in a manner similar to that of phosgene . 

In an earlier paper the probable composition of nitrous fumes 
produced by an electric arc was discussed.‘ It was predicted on theoretic 
grounds that such fumes would consist primarily of nitric oxide, which 
would slowly oxidize to the dioxide. Silverman and Husain? found 
that with welding arc fumes nitric oxide and nitrogen dioxide were 
present in approximately equal amounts, and there was no apparent 
change on standing for two to three hours. These concentrations were 
of the order of 30 p.p.m. total oxides of nitrogen. 


1. Elkins, H. B.: Nitrogen Dioxide: Rate of Oxidation of Nitric Oxide 
and Its Bearing on the Nitrogen Dioxide Content of Electric Are Fumes, J. Indust. 
Hyg. & Toxicol. 28:37, 1946 

2. Silverman, L., and Husain, S. L.: A Study of Nitrogen Oxide Concen- 
tration During Arc Welding, read before the American Industrial Hygiene Asso- 
ciation, Detroit, Mich., 1949 
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LABORATORY EXPERIMENTS 


Flagg and Lobene * stated that nitrogen dioxide can be determined 
by absorption on silica gel. Their report suggested the possibility of 
using this material as a convenient means of separately determining 
the monoxide and the dioxide of nitrogen in nitrous fumes. 


Sampling Method.—The air to be sampled was drawn through about 8 Gm. of 
silica gel (8-20 mesh) in a calcium chloride tube, into a 2.5 liter acid bottle (figure). 
The inlet tube, the upper end of which was attached to the silica gel tube, extended 


Silica Gel 


——- Glass Wool 


Suction 


2.5 Liter 


Acid Bottle 


Sampling apparatus. 


to within % inch (12 mm.) of the bottom of the bottle. A sampling rate of 
2.5 liters per minute was used, and the sampling time was, as a rule, 0.1, 0.9, 2 or 
4 minutes. When a 0.9 minute sampling time was used, an empiric correction 
factor of 1.25 was applied to the concentration found in the bottle, to allow for 
the loss resulting from partial mixing of incoming and outgoing gases. 

Ten milliliters of dilute sulfuric acid-hydrogen peroxide reagent was 
immediately added to the bottle, which was stoppered and allowed to stand at 

3. Flagg, J. F., and Lobene, R.: A Rapid Method for the Determination of 
Nitrogen Oxides in Air, J. Indust. Hyg. & Toxicol. 30:370, 1948. 
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least forty hours before analysis by the phenoldisulfonic acid method. The silica 
gel was added to a flask containing 20 ml. of reagent, and after it had stood about 
an hour, 30 ml. of water was added, the mixture well shaken, and 25 ml. taken 
for analysis by the same method used for the bottle samples. 


Nitrogen Dioxide from Nitric Acid and Copper—Nitrogen dioxide was gen- 
erated by the action of concentrated nitric acid on copper, and a supply, mixed 
with air, was drawn into a large storage bottle. Several small samples, ranging 
in concentration from 900 to 9,000 p.p.m. of nitrogen dioxide, were taken with 
the apparatus shown (figure). 

Found on silica gel, 83 + 2 ner cent; in bottle, 17+ 2 per cent 


Effect of Temperature.—The nitrogen dioxide storage bottle was placed in an 
oven at 50 to 70C. Four samples were taken. Concentrations ranged from 1,100 
to 2,900 p.p.m 

Found on silica gel, 75 + 3.5 per cent; in bottle, 25 + 3 per cent 

It is apparent that a 25 degree rise in temperature does not markedly affect 

the absorption of nitrogen dioxide on silica gel. 


Tasie 2.—Effect of Time on Composition of Nitrous Fumes 


Total Oxides of Absorbed on 
Elapsed time, Min. Nitrogen, p.p.m. Silica Gel, % 


22° 


100..... 


1,500... 
2,700... 54 78 


* Used in caleulation for table 3. 


Effect of Aeration—Six gram portions of silica gel, on which nitrogen dioxide 
had been deposited, were aerated with 10 and 25 liters of air without measurable 
loss of nitrogen dioxide 

Effect of Moisture-—-Approximately equal volumes of nitrogen dioxide were 
introduced into two bottles, one containing a few drops of water, the other dry 
and containing several grams of anhydrous calcium chloride. After standing an 
hour the contents of both bottles were analyzed for oxides of nitrogen: 


Dry bottle, total concentration 132 p.p.m.; on silica gel, 68 per cent 

Wet bottle, total concentration 50 p.p.m.; on silica gel, 50 per cent 
Apparently some of the nitrogen dioxide was absorbed by the moisture in the 
bottle, with liberation of nitric oxide. 


COMPOSITION OF NITROUS FUMES 


UNABSORBED 


BY SILICA GEL 


Mixtures of nitrogen dioxide and air were passed through silica gel 
into 2.5 liter bottles, and after varying intervals of time the air in the 
bottles was analyzed for nitrogen dioxide content. The results of 


seven experiments are summarized in table 2. 
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Thus on 


standing the nitrogen dioxide content of the mixture, as 
indicated by 


degree of absorption on silica gel, increases. Moreover, 
the greater the total concentration of oxides of nitrogen, the higher 
the percentage of nitrogen dioxide, in general, after a given interval of 
time. This is consistent with the dependence of rate of oxidation on 
nitric oxide concentration predicted by theory. The velocity of this 
reaction in air has been shown to be 

de/dt = — kc? 
where ¢ = concentration of nitric oxide and ¢ = time in minutes. 
Hence 

t 

Introducing some of the da‘a of table 2 in this equation, values of 

k have been calculated (table 3), where c, is the concentration of nitric 
oxide after ¢, minutes, and cs. is the concentration after ¢, minutes. 
Eighty per cent of the nitrogen dioxide was assumed to have been 
absorbed in the silica gel. 


Tasie 3.—Calculation of Velocity Constant for 


— 
+ 


Oxidation of Nitric Oxide 


The values of k, varying from 40 to 190 per cent of the theoretic 
figure of 2.8 x 10* (280 if mole fractions instead of numbers of parts 
per million are used to express concentration), are of the right order 
of magnitude and not too unsatisfactory considering the approximations 
which were required. 

We have no explanation, however, of the apparently high con- 
centration of nitrogen dioxide present in the mixture immediately after 
passage through silica gel. In one of the experiments summarized in 
table 2 the air was passed successively through four silica gel tubes, 
which removed, respectively, 72, 5.4, 2.5 and 1.5 per cent of the total 
oxides of nitrogen, yet the gas was not even then entirely free of the 
nitrogen dioxide. 


FIELD EXPERIMENTS 


Field studies were made in eleven establishments of nitrous fumes 
given off in actual industrial processes. 
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Electric Are Fumes.—Samples taken at a welding operation revealed 
total nitrous fume concentrations averaging 0.5 p.p.m., too low to 
permit differential analysis. Better results were obtained with the 
fumes from carbon arcs, used for photographic reproduction and in 
moving picture projection. The results of three studies are summarized 
in table 4. They represent samples taken close to the source of fume 
and not the exposure of the operator. 


The lower percentage of nitrogen dioxide in the fumes from the 
movie projector arc when its ventilation is increased is consistent with 
theory in that immediate dilution retards oxidation of the nitric oxide. 


Taste 4.—Carbon Arc Fumes 


Range of Con- 


centration of Total Absorbed on 


Establishment Tests Nitrous Pumes, p.p.m Silica Gel, % 
Blueprinting 8 lto2 40 + 33° 

1 20 6 
Photoengraving 2 108 to 165 TA+O04 

2 44 to4s 8.4 + 14 
Movie projeetor % (Natural draft) 58 to 65 10+ 1 

2 (Foreed draft) 2%to 3.5 + 0.5 


* This value was omitted from averages because of high average deviation 


Tasre 5.—Fumes from Shrinking Torch 


Range of Con- 
centration of 
Avy. Room Total Nitrous Absorbed on 


Time Tests Temp., ©. Fumes, p.p.m Sillea Gel, % 
During burning ars : 5 43 46 to 98 6+18 
2 to 8 min. after burning 7 30 16 to 44 72t2 


Av. 6.5 


Oxyacetylene Torch Fumes.—-A series of |samples was taken in a 
400 cubic foot room where an oxyacetylene shrinking torch, used in 
shipbuilding, was operated intermittently. The results are in table 5 
and represent the general air of the room. 


Diesel Exhaust.—Samples were taken at varying distances above 
the stacks of a Diesel electric locomotive and a Diesel truck, with the 
results given in table 6. 


In these tests there is an apparent increase in the nitrogen dioxide 


content of the nitrous fumes as the total concentration decreases. This 


is possibly due to incomplete absorption of the hot gases when sampling 


is done close to the exhaust outlet. The presence in the exhaust of 


other gases, such as carbon dioxide and water vapor, which are absorbed 
by silica gel may be of significance. 
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Dynamite Fumes.—One group of samples was taken in a tunnel 
following a blast with a nitroglycerin explosive. Half the samples 
were taken shortly after the blast, the remainder about an hour later. 
The results are summarized in table 7. 


TasLe 6.—Diesel Exhaust 


Range of Con- 
centration of 
Total Nitrous Absorbed on 
Unit Position Fumes, p.p.m Silica Geil, % 
Locomotive Close tO 128 to 130 
Well above stack to 
General air .......... 3.8 
Truck Close to stack 
Above stack ....... 
Well above stack 


TasLe 7.—Dynamite Fumes 


Range of Concentration 
Time After of Total Nitrous 


Absorbed on 
Blast, Min. T Fumes, p.p.m. 


Silica Gel, % 
97 to 201 6 + 5 
9 to 3 +5 


Av. 42 


Taste 8.—Fumes from Cellulose Nitrate Combustion 


Range of Con 
centration of 
Total Nitrous Absorbed on 


Container Time Fumes, p.p.m Silica Gel, % 


Waste basket During burning .... 
During burning 
After burning 
‘Trash barre! During burning 
After burning 


8toy “até 
to 
l4 to 150 07+ 06 
20 to 50 45 +05 
12+ 10 
51 to 157 


Av. 15 


The apparent nitrogen dioxide content is significantly higher in the 
samples taken when the fumes were thick. It is probable that some of 
this gas was absorbed on the wet walls of the tunnel, while the nitric 
oxide was unaffected. 

Burning Cellulose Nitrate-—Samples of scrap celluloid and nitrated 
cotton were burned in a waste basket or trash barrel and samples 
taken of the air in the container during and immediately after burning. 
The results are in table 8. 
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The high percentage of nitric oxide in the fumes from burning 
celluloid is to be expected, since the dioxide is unstable at high tempera- 
tures. 

Acid Dipping.—The treating of metals with nitric acid is a common 
source of nitrous fumes in electroplating establishments. Sometimes 
a mixture of concentrated nitric and sulfuric acids is employed, and 
occasionally dilute nitric acid is used. The results of tests in three 
establishments are in table 9. 

Summary of Field Tests.—li we assume that the nitrous fumes 
absorbed on the silica gel represent 80 per cent of the nitrogen dioxide 


Taste 9.—Acid Dip Fumes 


Range of Con 
centration of 
Total Nitrous Absorbed on 


Acid Strength Tests Fumes, p.p.m. Silica Gel, % 
Unknown ... ‘ . 2 5to7 81+ 10 
Concentrated: Operator's exposure 4 2to6 70+9 

Over tank 1 lo 49 
Ten per cent 3 8to8 46 + 30 
| Av. 6 


Taste 10.—Probable Average Composition of Nitrous Fumes Studied 


Source Nitrogen Dioxide,% Nitrie Oxide, % 
Carbon are.. | 9 91 
Oxyacetylene toreh 8, 
Diesel exhaust : 35 65 
Dynamite blast......... '52 
Cellulose nitrate combustion 19 81 
Acid dipping 78 29 


present, the average composition of the various nitrous fumes tested 
can be calculated, with the results shown in \table 10. 


PERMISSIBLE CONCENTRATION FOR NITROUS FUMES 

In making the tests described in the foregoing pages the subjects 
were exposed only twice to concentrations of nitrous fumes substantially 
above 10 p.p.m. In the shrinking operation no apparent ill effects 
resulted from brief exposures to concentrations ranging to nearly 
100 p.p.m. of total oxides of nitrogen and to more than 5 p.p.m. of 
nitrogen dioxide. During the tests of the dynamite fumes the investi- 
gator most heavily exposed wore a respirator. In a previous test of 
such fumes, however, an exposure of twenty minutes to 40 p.p.m. of 
nitrogen dioxide followed by another of twenty minutes to 11 p.p.m. 
caused a deep-seated cough which persisted for several days. Workers 
exposed to concentrations of this order for like periods once or twice 
daily complained of severe headaches, which they attributed to the 
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powder. Whether these were due to nitrous fumes, carbon monoxide 
or nitroglycerin (glyceryl trinitrate U. S. P.), to which they occasionally 
may have been exposed, we were unable to determine. 

It is apparent that if nitrogen dioxide is the harmful component 
of nitrous fumes such fumes generated from nitric acid are in general 
more dangerous than those produced by high temperature reaction. 
Adley * noticed a slight response to concentrations of nitrous fumes 
from a shrinking torch averaging 80 p.p.m. According to our study, 
the nitrogen dioxide concentration would not have greatly exceeded 
5 p.p.m. It is believed that the data on which high maximum acceptable 
concentrations (M. A. C.) for oxide of nitrogen are based should be 
reviewed to determine whether the gases inhaled consisted mainly of the 
monoxide or the dioxide @f nitrogen. Data obtained on fumes consisting 
mainly of nitric oxide should not be used in setting up standards for the 
more dangerous nitrogen dioxide. 


SUMMARY 


A method has been devised for the separate determination of the 
nitric oxide and the nitrogen dioxide in the air, based on the fact that 
the latter gas is absorbed by silica gel. 

Silica gel has been found to absorb nitrogen dioxide with an efficiency 
of approximately 80 per cent. The 20 per cent which is not absorbed 
is largely converted to nitric oxide. 

Nitric oxide in low concentrations in air, when allowed to stand in 
a 2.5 liter bottle, is oxidized to nitrogen dioxide at approximately the 
rate predicted by theory, assuming a termolecular reaction. 

Nitrous fumes produced at high temperatures were found in general 
to consist mainly of nitric oxide. Those produced by the acid dip 
baths, however, were chiefly nitrogen dioxide. 

286 Congress Street. 


4. Adley, F. E.: Exposures to Oxides of Nitrogen Accompanying Shrinking 
Operations, J. Indust. Hyg. & Toxicol. 28:17, 1946 
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CARBON TETRACHLORIDE POISONING 
More Regulation, More Education Needed 


W. D. NORWOOD, MD. 
P. A. FUQUA, MD. 
AND 


B. C. SCUDDER, M.D. 
RICHLAND, WASH. 


T IS REGRETTABLE that noninflammable carbon tetrachloride, 
CCly, an excellent organic solvent, is also toxic and takes a heavy 
toll in lives each year. 

The present article will summarize the need for better regulation 
of the distribution, sale and use of this toxic agent as proved by sad 
experience on a large construction project and in the city from which 
these construction activities were directed. Fairhall,t of the United 
States Public Health Service, stated that the carbon tetrachloride pro- 
duced in 1946 totaled 145,766,000 pounds. The major consumption is 
as follows: About 56.5 per cent is used in the manufacture of dichloro- 
difluoromethane (freon 12*), which is largely used as a refrigerant, 
and more recently as an insecticide (DDT) dispersant. About 11.6 per 
cent is used in fire extinguishers, 8 per cent in commercial dry cleaning 
and 3.5 per cent in fumigation of grain. Carbon tetrachloride finds 
extensive but diminishing use in the degreasing of oily machine parts 
and electrical equipment. It is alse used in the extraction of oils from 
press cakes and oil-bearing seeds and in the degreasing of hides, bones 
and garbage. 


A high percentage of American homes always have a can of cleaning 
fluid for removing grease spots from clothing or for other purposes. 
The label rarely states that the fluid contains carbon tetrachloride in a 
high concentration, nor is any mention made of the toxic nature of the 
fluid. It is worth repeating * that: 


Toxic reactions to carbon tetrachloride may result from a single brief. exposure 
to a high concentration of the vapor, from prolonged or repeated exposure to a 
moderately high concentration, or from regular daily exposure to low concentrations 
in excess of accepted safe limits; from repeated contact of the skin with the liquid, 
or from ingestion of the liquid. é 

From the Medical Division, Hanford Works, Nucleonics Department, General 
Electric Company. 

1. Fairhall, L. T.: Carbon Tetrachloride, Indust. Hyg. Newsletter 8:7, 1948. 

2. The Recognition and Treatment of Carbon Tetrachloride Poisoning, Coun- 
cil on Industrial Health, J.A.M.A. 182:786 (Nov. 30) 1946. 
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During the last twelve months, in two communities with a combined 
population of thirty thousand people, we have observed 2 fatalities, 
1 near fatality and 4 other cases requiring hospitalization of the patient, 
due to carbon tetrachloride poisoning. In addition, 51 industrial cases 
of probable mild toxicity were studied. None of the 3 very severe cases 
were due to exposure in industrial operations. This checks with the 
statements of others * that in most instances fatal poisoning has occurred 
in isolated or individual use of carbon tetrachloride as contrasted to its 
use in industry. 


REPORT OF CASES 


Case 1.—A 22 year old white man, a janitor, was admitted to Kadlec Hospital 
(medical service of Dr. P. E. Kendall) on March 31, 1948 because of generalized 
aches and pains, nausea and vomiting of six hours’ duration. 

Past History—He had been hospitalized in 1947 for influenza. Since his dis- 
charge from the Navy, in 1946, he had been a heavy drinker of alcoholic liquors, 
consuming “at least a fifth each week end.” 

Present Iliness.—The patient stated that he felt well until twenty-four hours prior 
to admission, when he suffered from headache and dizziness after using carbon 
tetrachloride to clean stains from an office floor. Fellow workmen reported that 
he had not worked the previous day and did not “feel well” on the day he reported 
for work. He used a mop in a 3 gallon (13.5 liter) bucket about one-third full 
of liquid. After mopping the floor for about fifteen minutes, he was bothered with 


headache and dizziness and was given other work. His two associates continued 


the mopping under the same conditions for a total of about four hours, so it may 
be reasonably assumed that their exposure was many times greater; yet they had 
only very mild headache and dizziness, and did not consider stopping work. 
discomfort cleared as soon as they stopped mopping. The work was done on the 
night shift and without the knowledge or the sanction of the supervisor. 


This 


However, 
the liquid was readily available, and the workmen had not been warned of its 
toxicity as they were not expected to use it. The patient used approximately a 
half gallon (2.5 liters) of carbon tetrachloride in cleaning the floor of a room 15 by 
16 by 8 feet (4.5 by 5 by 2.5 meters). It was well ventilated by a vent delivering 
144 cubic feet of air per minute, with appropriate exhaust through an open door 
into the building proper, where a slight negative gradient was maintained to the 
exhaust fan. This would give about one air change in the room during the fifteen 
minutes of exposure. The conditions under which this man was exposed were 
duplicated to the best of our ability, and the measured concentration was 250 parts 
of carbon tetrachloride per million parts of air 


Physical Findings.—This fairly well developed young man did not appear to 
be critically ill. The mucous membranes of nose and throat were injected. 


Some 
submaxillary nodes were slightly enlarged and tender. 


The chest findings were 
normal. There was some increased tension of the muscles of the right upper and 


3. Abbott, G. A., and Miller, M. J.: Carbon Tetrachloride Poisoning: A 
Report on Ten Cases at the United States Marine Hospital, Seattle, Wash., since 
1937, Pub. Health Rep. 63:50 (Dec. 10) 1948. Martin, W. B.; Dyke, L. H.; 
Coddington, F. L., and Snell, A. M.: Carbon Tetrachloride Poisoning: A Report 
of One Case with Necropsy and One Non-Fatal Case with Clinical Laboratory 
Studies, Ann. Int. Med. 25:488 (Sept.) 1946. 
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lower quadrants of the abdomen, and the liver was palpable 4 cm. below the costal 
border. The temperature was 99.4 F.; the pulse rate, 88 and regular; the respi- 
ratory rate, 20, and the blood pressure, 120 systolic and 70 diastolic. 

Laboratory Findings—-The hemoglobin was 14.5 Gm. in 100 cc.; the red cell 
count was 4,700,000; the white cell count, 16,150, with 95 per cent polymorpho- 
nuclear leukocytes and 5 per cent lymphocytes. The Kahn test was negative 
The first voided urine specimen was missed. Only 250 cc. of urine was obtained 
by voiding and by catheterization during the six hospital days. The specimen 
obtained by catheter on the fourth day showed a specific gravity of 1.019, an acid 
reaction, a 2 plus reaction for albumin, a 1 plus reaction for sugar and 1 to 2 
white blood cells per high power field. Urine obtained by catheter 6n the fifth 
hospital day showed a specific gravity of 1.012, an alkaline reaction, a 4 plus 
reaction for albumin, 20 to 25 white blood cells and 0 to 2 red blood cells per 
high power field, and 0 to 1 fine granular casts and 0 to 2 coarse granular casts 
per high power field. On the fifth day of hospitalization the blood revealed urea 
nitrogen to be 68 mg. in 100 cc.; carbon dioxide-combining power 42 volumes per 
cent; the icterus index, 14 units; the blood chlorides, 320 mg. in 100 cc. On the 
sixth day the blood urea nitrogen was 102 mg. in 100 cc., the carbon dioxide- 
combining power 42 volumes per cent and blood chlorides 405 mg. in 100 cc. 

A preplacement roentgenogram of the chest, takeh in August 1947, was not 
remarkable, and since the patient had no symptom reftrable to the chest, a roent- 
genogram of the chest was not made on admission to} the hospital. 

With oliguria, changing to anuria, azotemia, increasing hypertension (to 150 
systolic, 110 diastolic) and edema of the face and eyelids, a diagnosis of acute 
renal insufficiency became obvious. Intravenous dextrose was administered at 
first.* As soon as' a diagnosis of acute renal insufficiency was made, the total 
intake of fluid was limited to equal the calculated loss. Acidosis was regulated 
with sodium lactate. The blood chlorides were carefully followed. Oxygen was 
administered for early cyanosis and impending pulmonary edema. The patient 
became -progressively worse; pulmonary edema developed and death occurred on 
the sixth hospital day. 

Autopsy—Gross Observations: Mild icterus of the scleras was observed, 
though the skin was clear. Numerous petechial conjunctival hemorrhages were 
present. The nose and the mouth were filled with a frothy bloody exudate. Bloody 
fluid was present in both pleural cavities. The lungs were engorged with blood. 
The pericardial cavity was clear, while the peritoneal cavity contained about 300 cc. 
of clear straw-colored fluid. The liver was.enlarged to 6 cm. below the costal 
margin and weighed 2,050 Gm. The cut section showed marked accentuation of 
the lobular markings. 

Chemical examination of kidney and liver for carbon tetrachloride failed to 
reveal its presence. 

Microscopic Observations: Heart, lungs, bronchi, liver, spleen, adrenal glands, 
kidney and esophagus were examined histologically. Sections of liver and kidney 
were sent to two recognized pathologists. : 

The first report (T. B. Mallory, pathologist, Massachusetts General Hospital, 
Boston) was as follows: “The liver shows sharp central necrosis without as yet 
significant evidence of regeneration. The kidney shows typical lower nephron 
nephrosis, with pigment casts, degeneration of the ascending limbs of Henle’s loop, 
interstitial inflammation of the corticomedullary junction and foci of venous 


4. Smetana, H.: Nephrosis Due to Carbon Tetrachloride, Arch. Int. Med. 
63:760 (April) 1939. Council on Industrial Health.? 
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thrombosis. The findings are entirely characteristic of carbon tetrachloride poison- 
ing, though not specific, as the condition can be produced by other toxic agents, 
such as mushroom poisoning. ... the synergic effect of alcoholism in carbon 
tetrachloride injury is well established both experimentally and from clinical 
experience. It is very probable that it played a contributory role in this case.” 

The second report (E. T. Bell, pathologist, University of Minnesota Medical 
School, Minneapolis) was as follows: “The liver shows severe central necrosis 
of the lobules, and the kidneys show interstitial edema and hydropic degeneration 
of the tubules. These findings are consistent with carbon tetrachloride poisoning. 
In fact, when taken with the clinical history, the diagnosis of carbon tetrachloride 
poisoning is practically certain. ‘Alcoholics’ or persons who are under the influence 
of alcohol during the exposure to carbon tetrachloride usually sustain much more 
severe poisoning than persons not using alcohol. This probably explains the fact 
that the other men were only slightly affected.” 

Case 2.—A 36 year old white man was admitted to Kadlec Hospital (medical 
service of Dr. P. E. Kendall; treatment, Dr. C. J. McGee), Dec. 12, 1948, com- 
plaining of epigastric distress, numbness of the upper extremities and vomiting. 

Past History—He had been a heavy drinker of alcoholic beverages since the 
age of 21, consuming 2 or 3 quarts (2 or 3.5 liters) of liquor each week. The 
results of a recent preplacement physical examination were essentially normal. 

Present Iliness—He was well until twelve hours before admission, when 
epigastric distress developed, associated with pain in the back, numbness of the 
arms and hands, and vomiting, which continued at frequent intervals. 

Physical Findings—There was marked tenderness in the hypochondrium with 
some rigidity. 

Laboratory Findings—On admission the urine showed a reaction for albumin 
(3 plus), a specific gravity of 1.017, an acid reaction and absence of sugar. Micro- 
scopic examination of the urine showed many granular casts with occasional white 
and red blood corpuscles. The blood cell count was normal except for slight 
leukocytosis. 

Course—During the first day of hospitalization it was necessary to consider 
the possibility of an acute surgical abdominal condition, a peptic ulcer with slow 
leakage at a perforation. This was ruled out, and on the third day an intravenous 
pyelogram showed no visible dye anywhere in the urinary tract, even in the bladder, 
up to a maximum of an hour and fifteen minutes. By this time, acidosis was 
evident, with carbon dioxide-combining power of 36 volumes per cent and blood 
urea nitrogen 86.7 mg. in 100 cc. A probable diagnosis of acute renal insufficiency 
was made. 

On the fourth hospital day the wife, on cross questioning, revealed that thirty-six 
hours before admission the patient had put out a fire by using a carbon tetrachloride 
fire extinguisher in a nearly closed small space and that the fumes were bad. The 
fire had occurred in the insulation around water pipes under the sink. 

The urinary output continued low, with acidosis and high blood urea nitrogen. 
A diagnosis of lower nephron nephrosis due to carbon tetrachloride poisoning was 
made. 

Consideration was given to sending the patient to a center where he could be 
treated with an artificial kidney, or to doing peritoneal or intestinal lavage, but 
it was felt that he would fare as well under the revised conservative treatment. 

Extensive chemical study of the blood was done almost daily to follow the 
course of acidosis, chlorides, calcium and other factors, in order that appropriate 
treatment might be given. The fluid output was religiously watched and the 
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amount of the daily administered fluids limited to the calculated fluid output. 
This was about 1,000 cc. during the acute phase, the daily urinary output ranging 
from 100 to 300 cc. It was felt that this patient’s life was saved by limiting the 
intake of fluids, thereby lessening the likelihood that the tissues would be flooded, 
especially the lungs. The patient left the hospital on Jan. 17, 1949, the kidneys 
having resumed fairly normal function by January 9, seventeen days after the 
initial damage. 

A number of fatalities from phosgene poisoning have resulted when carbon 
tetrachloride fire extinguishers were used in confined places, such as mines or 
inside of buildings.5 


The findings in these 2 cases are typical of the syndrome which is 
now known to develop secondarily to any of a wide variety of conditions 
involving shock and destruction of tissue or blood. Such conditions 
include transfusion reactions, burns, crushing injuries, fulminating infec- 
tions, sulfonamide toxicities and various chemical and vegetable poison- 
ings. The renal changes involve the lower segments of the nephrons— 
with necrosis and focal degeneration of the tubules of Henle and of the 
distal convoluted tubules. Lucké’ has called the syndrome “lower 
nephron nephrosis.” Death is frequent in cases of this condition and 
usually occurs within ten days. The primary cause of the rena! lesions 
is now generally thought to be cortical ischemia.* These studies indicate 
that regeneration of the tubules begins within about four days and that 
most of the damaged lining is repaired within ten days. Therapy is 
based on the fact that if the patient can be kept alive through the 
self-limited period of oliguria and/or anuria, there will probably be little, 
if any, permanent damage to the kidneys. 

It is important to realize that during the period of shock or low 
blood pressure, intravenous injections of fluids, blood transfusions, 
administration of oxygen and the other measures usually employed are 
indicated.* However, as soon as renal insufficiency is evident, the total 
fluid intake should be limited to the daily calculated loss. Frequent 
laboratory examinations are essential to guide the administration of 
sodium la¢tate or bicarbonate in the treatment of acidosis, of calcium 

5. Technical Paper 248, United States Department of the Interior, Bureau of 
Mines, 1921; cited by Henderson, Y., and Haggard, H. W.: Noxious Gases and 
the Principles of Respiration Influencing Their Action, American Chemical Society 
Monograph Series, New York, The Chemical Catalog Company, 1927, p. 136. 

6. Mallory, T. B.: Hemoglobinuric Nephrosis in Traumatic Shock, Am. y 
Clin. Path. 17:427 (June) 1947. Thorn G. W.: Treatment of Renal Insufficiency, 
J. Urol. 59:119 (Feb.) 1948. 

7. Lucké, B.: Lower Nephron Nephrosis (Renal Lesions of Crush Syndrome, 
of Burns, Transfusions, and Other Conditions Affecting Lower Segments of 
Nephrons), Mil. Surgeon 99:371 (Nov.) 1946 

8. Snyder, H. E., and Culbertson, J. W.: Pigment Nephropathy in Battle 
Casualties, Arch. Surg. 56:651 (May) 1948. Van Slyke, D. D.: The Effect of 
Shock on the Kidney, Ann. Int. Med. 28:701 (April) 1948. 
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gluconate in the treatment or the prevention of tetany, and of salt and 
fluid in the control of edema. When in recovery diuresis occurs, therapy 
is concerned with replacement of the urinary losses of sodium, water 
and potassium. If these measures appear to be failing, two others may 
be tried if facilities are available. These are (1) interrupting the 
splanchnic nerve supply to the kidneys by renal decapsulation or by 
splanchnic block*; (2) providing a temporary substitute for the 
glomeruli that will permit removing toxic end products of metabolism 
from the blood until renal circulation has been restored."° 


Case 3.—A 34 year old white woman was admitted to North Richland Hospital 
(medical service of Dr. J. O. Baugher), Feb. 3, 1949, complaining of nausea, 
vomiting, diarrhea, weakness and generalized aching pains of two days’ duration. 

Past History.—The patient had been a heavy user of alcoholic liquors for many 
years. She had undergone hysterectomy several years previously. 

Present Illness.—For three weeks prior to admission she had been receiving 
treatment, including penicillin, for an infection of the upper respiratory tract. While 
intoxicated, she cleaned her trailer with carbon tetrachloride. Her complaints as 
already outlined followed shortly afterward and resulted in hospitalization two 
days later. 

Physical Findings.—Notable findings were: blood pressure, 110 systolic and 
50 diastolic; icterus of scleras, none; pharynx, injected; liver, palpable 1 to 2 
fingerbreadths below the costal margin. There was some tenderness in the right 
upper quadrant of the abdomen. 

Laboratory Findings—The hemoglobin was 89 per cent of normal; the red 
blood cell count was 4,800,000; the white blood cell count, 20,100, with polymor- 
phonuclear leukocytes 89 per cent, and lymphocytes, 11 per cent. No urine was 
obtained during the twelve hours of hospitalization prior to death 

Course.—The patient was given morphine and atropine on admission to control 
nausea and vomiting. Four hours later she received 2 grains (0.13 Gm.) of 
phenobarbital subcutaneously. Nausea and vomiting subsided, but the patient 
gradually became jaundiced, more drowsy and died in coma twelve hours after 
admission, 

Autopsy.—Gross Observations: Skin, subcutaneous tissue, organs and body 
fluids were icteric. The lungs were congested. The liver weighed 1,890 Gm., and 
the cut surface was largely yellow, with dark punctated areas. The kidneys were 
pale. The right kidney weighed 192 Gm. and the left 240 Gm. There was mild 
old stenosis of the mitral valve 
9. Peters, J. T.: Oliguria and Anuria Due to Increased Intrarenal Pressure, 
Ann. Int. Med. 28:221 (Aug.) 1945. Reid, Ri; Penfold, J. B., and Jones, R. N.: 
Anuria Treated by Renal Decapsulation and Peritoneal Dialysis, Lancet 2:749 
(Nov. 23) 1946. Abeshouse, B. S.: Renal Decapsulation: A Review of the 
Literature and a Report of Ten Cases, J. Urol. 58:27 (Jan.) 1945. 

10. Kolff, W. J.: The Artificial Kidney, J. Mt. Sinai Hosp. 14:71 (July-Aug.) 
1947. Murray, G.: Development of an Artificial Kidney: Experimental and 
Clinical Experiences, Arch. Surg. 55:505 (Nov.) 1947. Frank, H. A.; Seligman, 
A. M., and Fine, J.: Treatment of Uremia After Acute Renal Failure by Peritoneal 
Irrigation, J. A. M. A. 130:703 (March 16) 194¢ 
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Microscopic Observations (Paul K. Lund, pathologist, Swedish Hospital, 
Seattle): The liver showed “extensive fatty degeneration as well as central 
necrosis. In many areas only a rim of normal liver tissue remained at the periphery 
of the lobule. The section of the kidneys showed cloudy swelling of both proximal 
and distal tubules, as well as some cellular necrosis. The epithelium of the 
descending tubules showed more advanced necrosis. There was some swelling of 
the endothelium of glomerular tufts, and hyaline casts were present in the descend- 
ing tubules. The lungs showed marked passive congestion. The anatomic diagnosis 
was (1) acute yellow atrophy of the liver; (2) acute nephrosis; (3) passive con- 
gestion of the lungs; (4) old minimal mitral stenosis.” Chemical studies of tissue 
from liver, spleen, heart and kidney were negative for the usually suspected heavy 
metals, alkaloids and carbon tetrachloride. 

It was felt that carbon tetrachloride was the precipitating cause of death in 
this patient, in whom the liver was already in poor condition owing to acute and 


chronic alcoholism. 


INDUSTRIAL CASES 


The following brief reports of cases concern 4 employees of a sub- 
contractor who were exposed tg carbon tetrachloride fumes during 
a degreasing operation and whose complaints resulted in their being 
observed in Kadlec Hospital. Positive pressure fir masks were supplied 
to operators where exposures might be excessive, and the mechanical 
setup was such that most of the work could be done with little exposure 
if care was used. 


Case 4+Present Illness —A 35 year old white man was admitted to Kadlec 
Hospital, Sept. 18, 1948, complaining of nausea and vomiting. He had worked 
with carbon tetrachloride in a degreasing operation for the past three months. 

Past History.—This was not significant. A recent preplacement examination 
showed nothing remarkable 

Physical Findings.—The pupils were irregular, the left 1 mm. larger than right, 
and there was a suggestion of scleral jaundice. Icterus was questionable. The 
temperature was 100 F. There was an odor of carbon tetrachloride in the vomitus 
The right upper quadrant of the abdomen was tender. 

Laboratery Findings —The urine contained albumin (1 plus) and was loaded 
with white blood cells; red blood cells ranged from 0 to 5 per high power field. 


The blood count was normal except for 12 per cent eosinophilic granulocytes. 


The icteric index was 28. Hanger's test for liver function (cephalin flocculation) 
showed a 2 plus reaction in forty-eight hours. On September 23 the urine was 
normal. The blood count showed 10 per cent eosinophilic granulocytes, and the 
icteric index was. 4 units 

Course. —The patient was treated with penicillin, a high protein, high carbo- 
hydrate and low fat diet, liver extract, dextrose and a high vitamin intake. He 
improved and was discharged from the hospital on September 23. 

Subsequent studies conducted by the outpatient department disclosed hypo- 
spadias, urethral stenosis and a small urinary bladder with thickened wall, all of 
which were obviously of long standing and contributed to the urinary findings 
and the elevation of temperature on admission. 

Cast 5.—Present Illness—A 38 year old white man reported for first aid, 
Sept. 22, 1948, complaining of nausea, nervousness and dyspnea. He had been 
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working on a carbon tetrachloride degreasing job for the past six weeks. He 
Stated that one week previously a bucket of carbon tetrachloride was accidentally 
spilled on him. He was admitted to Kadlec Hospital on September 23, com- 
plaining of nausea, vomiting, headache, dizziness and abdominal pain. 

Past History.—This was not significant. A preplacement examination, May 24, 
1948, revealed nothing significant. 

Physical Findings.—-There was no evidence of icterus. Tenderness was present 
in the right upper quadrant of the abdomen 

Laboratory Findings—The urine was alkaline, contained albumin (trace) and 
showed an occasional fine granular cast. The blood count was within normal 
limits. The icteric index was 3 units. Thymol turbidity was 12.5 units. The 
cephalin flocculation test was negative in forty-eight hours. The urine was normal 
on September 27. 

Course—The patient improved under the same treatment as was used in the 
cases already described and was discharged from the hospital on September 27. 
He continued to complain of gastrointestinal distress, anorexia, flatulence and 
nausea and subsequently gave a history suggestive of peptic ulcer and psychoneurosis 
of long standing. He had been rejected for military service because of a history 
of peptic ulcer. 


Case 6.—Present Illness—A 39 year old white man reported for first aid, 
Sept. 18, 1948, complaining of nausea, vomiting, choking, anorexia, urinary fre- 


quency and dysuria. He was treated and permitted to go home. He returned on 
September 23 and was admitted to Kadlec Hospital. The patient felt that his 
complaints were due to carbon tetrachloride, although his exposure was known 
to have been of short duration. He was nervous, apprehensive and talkative—in 
fact, was quite fearful that he was going to die in first aid 

Past History—-This was not significant. A preplacement examination on Dec. 1, 
1947 had shown nothing remakable. 

Physical Findings—The abdomen was tender to palpation, with questionable 
enlargement of the liver, which was felt 1 fingerbreadth below the costal margin 
on deep inspiration. There was no scleral or dermal jaundice 

Laboratory Findings—The urine was normal on September 23 and throughout 
the hospital stay. A complete blood count was within normal limits except for 
7 per cent cosinophilic granulocytes rhe eosinophilic granulocytes numbered 
18 per cent on Dec. 1, 1947, 20 per cent on April 23, 1948 and 2 per cent on Sept. 28 
1948. A test for urinary urobilinogen was positive in 1:10 dilution: the icteric 


index was 9 units; thymol turbidity, 7.9 units; cephalin flocculation, 1 plus in 
forty-eight hours. Cloudy serum was noted. On Sept. 28, 1948 the total blood 
protein was 8.0 Gm. in 100 ce.; albumin, 4.7 Gm.; globulin, 3.2 Gm. and the 
albumin-globulin ratio was 1.4. The icteric index was 6 units. The cephalin 
flocculation test was negative in twenty-four and in forty-eight hours 

Course—The patient improved under the same general treatment and was 
discharged from the hospital Sept. 28, 1948. He was quite apprehensive and 
nervous over his physical condition during and after his stay in the hospital 

Case 7.—Present Iliness—A 58 year old white man reported for first aid, 
Sept. 20, 1948, complaining of nausea, vomiting, dizziness and a choking sensation 
which he attributed to carbon tetrachloride exposure of about two months’ dura- 
tion. His complaints continued, and he was admitted to Kadlec Hospital on 
September 28. The chief complaints on admission were polyuria, nocturia, irri- 
tation of the eyelids and anorexia. 
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Past History.—This was not significant. 
12, 1947, revealed nothing remarkable. 


A preemployment examination, Nov. 


Physical Findings.—There was bilateral conjunctival injection with question- 
able scleral jaundice. There were no other significant findings. 


Laboratory Findings.—Urinalysis showed nothing of significance on September 
20 and 28. A complete blood count revealed 14 per cent eosinophilic granulocytes ; 
mherwise it was within normal limits. A test for urinary urobilinogen was negative 
in 1:20 dilution. Thymol turbidity was 7.5 units; the icteric index, 10 units; a 
sulfobromophthalein sodium test of liver function showed no abnormality; cephalin 
flocculation was 1 plus in 48 hours. 


Course.—The patient improved under treatment and was discharged from the 
hospital on September 30. There were no other complaints relative to this illness 


During the degreasing operation, 51 employees reported for first 
aid with complaints which were probably caused by inhalation of fumes 
of carbon tetrachloride. The complaints in order of frequency were as 
follows: nausea 31, headache 22, vomiting 15, vertigo and dizziness 15, 
malaise 7, gastric upset 5, rawness of throat or of nasal passages 4, 
abdominal cramps 4, anorexia 3, nervousness 3, insomnia 2, nocturia 1, 
cough 1. 

The urine specimens of the 51 affected persons were normal except 
for 1 that gave a 1 plus reaction for albumin, 2 with a few white cells 
and 1 with a few red cells. The blood counts were essentially normal 
with no abnormal red cell counts, three white cell counts over 12,000 and 
nine in which the eosinophilic granulocytes ranged from 4 to 9 per cent. 
Cephalin flocculation tests nade with serum specimens from 31 men 
showed normal liver funct.on except for one | plus, one 2 plus and one 
questionable flocculation. The icteric index 'was reported as follows: 
negative in 3 cases, doubtful in 1 and ranging from 4 to 10 units in 27. 

The medical division advised management that this work should 
not be continued until working conditions were improved. Subsequent 
to this, trichlorgethylene was substituted for carbon tetrachloride as a 
degreasing agent. The makeshift degreasing and ventilating equipment 
was replaced with a standard manufactured well ventilated degreasing 
tank especially designed for use with “tri chlor.” The allowable air 
trichloroethylene concentration recommended is 200 parts per million 
parts of air, compared with 50 for carbon tetrachloride. Since this 
change was made, there is apparently almost no exposure, and we have 
had no complaints to date from any of the men working in this operation 

According to J. G. Townsend, Medical Director, Division of Indus- 
trial Hygiene, Federal Security Agency, Public Health Service," an 
agreement drawn up in 1935 between the United States Public Health 
Service and manufacturers of carbon tetrachloride and/or similar 


Townsend, J. G Personal communication to the authors, November 1948 
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volatile chlorinated liquid hydrocarbons is the only attempt which has 
been made at a federal level to regulate the sale and distribution of 
carbon tetrachloride." This agreement is quoted in full (italics ours) : 


We, the undersigned manufacturers of carbon tetrachloride and/or similar 
volatile chlorinated liquid hydrocarbons, hereby agree as follows: 

1. That on all shipments of these materials from our plants in excess of fifteen 
fluid ounces, we will see that one of these warning labels is affixed to each individual 
container. That the name of the particular material constituting the shipment will 
also appear in conspicuous letters either on a label, affixed to each can, or stencilled 
on each drum or similar large-sized container. 

2. That we will affix this warning label on all shipments in containers in excess 
of fifteen fluid ounces of mixed solvents containing 24 per cent or over of any 
one of these chlorinated hydrocarbons and that there will appear imprinted on the 
label or stencilled on the container, the words “Contains more than 24 per cent 
by weight of Carbon Tetrachloride.” Or at the manufacturer's option, he may print 
the actual analysis of the fluid constituting the shipment. 

3. That we will notify all repackers and dealers who purchase these chlorinated 
hydrocarbons from us, that “This product is sold under direct agreement with the 
United States Public Health Service, and it is necessary to use the same labelling 
on all containers of a capacity in excess of fifteen fluid ounces containing more 
than 24 per cent of carbon tetrachloride if repacked or reshipped.” The above 
statement in quotations will be placed on all bills of sale. 

4. We will use all proper means to bring about the universal use of this warning 
label and markings. 

The recommended label is as follows 

WARNING! VOLATILE SOLVENT 
VAPOR HARMFUL 

Use with adequate ventilation 

Avoid prolonged or repeated breathing of vapor 

Avoid prolonged or repeated contact with skin 

Do not take internally. 


Carbon tetrachloride is so poisonous that, according to Cairns,"? 1 tea- 
spoon (2 to 4 cc.) may constitute a fatal dose. 

In case 2 cited in the foregoing report of cases, the vapor from one 
domestic type of fire extinguisher, one-half used, was almost lethal. 
United States Bureau of Mines Studies * indicated that under certain 
conditions the phosgene generated from 1 cup of carbon tetrachloride 
might be lethal. 

Many persons have had personal experiences indicating that the 
fumes from a few ounces of cleaning fluid in a poorly ventilated place 
may prove very toxic. Then why is this poison referred to in such 
terms as “vapor harmful,” “do not take internally,” ete.? And why 
limit the warning labels to containers of 15 ounces (443 cc.) or more? 


12. Cairns, F. J.: Carbon Tetrachloride Poisoning: A Fatal Case Following 
Accidental Ingestion of Carbon Tetrachloride, New Zealand M. J. 45:176 
(June) 1946. 
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We feel that carbon tetrachloride sold in any quantity should be 
labeled and that the label should read: 


VOLATILE SOLVENT—POISONOUS (Usual skull and crossbones) 
One teaspoonful taken by mouth may be fatal. 


The fumes from one cupful breathed in a poorly ventilated place 
may cause death. 


Use with adequate ventilation. 

Avoid prolonged or repeated breathing of vapor. 
Avoid prolonged or repeated contact with skin 
Do not take internally 


We believe that the present label gives the user a greater sense of 
security than ts warranted and that many deaths occur from domestic 
use where no warning label is required. 


SUMMARY AND CONCLUSIONS 


Three cases of severe carbon tetrachloride poisoning are described. 
\ll were due to incidental single exposures not connected with an indus- 
trial operation. Two of the cases were fatal. Two were characterized 
by the lower nephron nephrosis syndrome. In treating patients for this 
condition, emphasis is placed on frequent chemical tests of the blood, 
with therapy aimed at combating acidosis, low calcium, low potassium 
and other developments as indicated, and limiting the fluid intake to 


equal the output, considering the decrease or the absence of output from 
the kidney for a limited period. 

The 3 patients were heavy consumers of alcoholic beverages. Their 
histories add further to the almost overwhelniing evidence of animal 
experiments and |previous human cases that) consumption of alcoholic 
liquor inereases tremendously the risk of poisoning with carbon 
tetrachloride 

Four cases of mild industrial carbon tetrachloride poisoning and 51 
cases of very mild exposure resulting from improper working conditions 
are discussed. The conditions were corrected by substituting trichloro- 
ethylene for carbon tetrachloride and using it in a properly designed 
custom-built degreasing unit. 

\ plea is made for national regulations requiring more stringent 
labeling of compounds containing carbon tetrachloride and that this be 
required on any volume, in contrast to the present regulations requiring 
labeling of quantities in excess of 15 fluidounces. Far less than this 
quantity inhaled or ingested will cause death. 

Awareness on the part of physicians of the frequency of carbon 
tetrachloride poisoning together with reporting of all cases will be of 
value in indicating that the incidence of this condition is far greater than 
generally believed. Intensified efforts should be made to educate the 
public as to the dangers of the use of carbon tetrachloride. 
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THE INDUSTRIAL PHYSICIAN AND ACCIDENT PREVENTION 


NED H. DEARBORN 
President, National Safety Council 
CHICAGO 


CCIDENT prevention has become one of the major public health 
problems—not because of any increase in accident rates but 
because, in consequence of the successful programs for the elimination 
of infectious diseases, accidents have come right up to the top of the 
causes of death. Even in gross numbers accidental deaths are exceeded 
only by those from diseases of the heart, cancer and cerebrovascular 
conditions. But a little closer look behind the gross figures shows that 
accidents are the greatest killers at all ages from 1 to 35 years—that is, 
during the most active years of life. 

This is of primary importance to industrial physicians because, as a 
result of this preference for the young and active, accidental deaths cause 
more loss of potential working life than any other principal cause of 
death and loss of more potential years of life than any other cause 
except heart disease. If it is accepted that the primary concern of an 
industrial medical department is the adequate care of the health of the 


worker, as the American College of Surgeons says it is, then the necessity 
for concern over this state of affairs cannot be avoided. 

The concern is not exclusively that of the industrial physician. This 
is plainly one of the pressing public health problems of our times and is 
and should be of concern to everyone interested in public health in 
exactly the same sense that the control of heart disease or of nephritis 
or of tuberculosis is of concern to everyone interested in public health. 

Like the classic public health problems, accident prevention is some- 
thing in which we are not going to make a lot of progress by the activities 
in handling any given situation. It has been learned long ago in public 


health work that there are conditions important in the cause and spread 
of disease which are not subject to the control of the individual patient 
or of the physician caring for that patient or even to the control of a 
number of individual patients and their physicians acting in concert. 


Such conditions are properly and efficiently controlled by engineering 
methods for handling materials in the mass rather than by the clinical 
method of handling people as individual persons by methods which may 


Read at the Ninth Congress on Industrial Health, Chicago, Jan. 18, 1949 
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vary from one to another and from time to time. The responsibility for 
control of such conditions has been placed primarily in the hands of the 
sanitary engineers for many years. 

In a precisely analogous way there are in an industrial plant certain 
accident-producing situations which can be controlled by the general 
methods of engineering when they have been isolated and recognized. 
The physician in industry has a real responsibility in assisting in the 
isolation and recognition of such situations but no real responsibility in 
their control, That is properly the province of the engineers. 

These responsibilities have been fairly well recognized and accepted 
in places with extensive medical departments, but they have not been 
generally recognized or accepted. I think that all will agree without 
any demonstration that the first and most obvious move in determining 
the cause of any condition is to get an accurate description of the condi- 
tion and of the sequence of events leading up to it—in a word, to get 
and record a history which is both complete and accurate. 

The physician treating the injured employee is not only the person 
most immediately available for collecting such a history in the average 
plant but, commonly, the only person available with the training and 
experience to collect a proper history. He ordinarily makes the only 
report of the incident or makes a report which is supplemented some- 
what by the observations which the foreman of the department may have 
made where the injury occurred. It requires only a cursory experience 
with zeports of accidents to discover that they often describe the injury 
with precision, that they usually contain the information necessary to 
determine the amount of compensation due and that they never, never 
contain any information of value in preventing a repetition of the same 
set of circumstances which precipitated the injury. 

As a single specific example of this generdl situation I will cite the 
experience which my associates and I have had in trying to study acci- 
dents involving safety belts. Several hundred, reports of injuries have 
been inspected over a three year period on this project and from all 
of them only one useful bit of information has been turned up. 

Collecting and sorting of proper records is certainly tedious and 
uninspiring work, and lack of adequate information is chronic in most 
activities, but this is one weak link which can be strengthened with a 
ininimum amount of effort—provided that the effort can be made quite 
universally. 

In addition to the situations which cause accidents, it has been 
recognized for at least twenty years that there are people who cause 
accidents. A really classic example of a specialist in this activity is the 
man reported in the Federal Security Agency Bulletin who had 37 
reportable injuries, including 28 to his eyes, in thirty-one years. This 
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case probably looks unique only because the record was kept over a 
number of years. It is common in industry to find that 10 per cent of 
the persons exposed are having half or more of the accidents and injuries. 

It is certainly a primary responsibility of industrial physicians to 
locate such persons and to treat them so as to reduce their susceptibility 
to accidents. I understand that little or no progress has been made in 
the discovery of accident repeaters, except by letting them have repeated 
accidents, or in their treatment after they are located. It does not seem 
reasonable that this is a problem incapable of solution. It undoubtedly 
would be solved if there were a substantial demand for its solution from 
the practitioners in the field. 

The industrial physician’s first interest is in the industrial field, 
where there has been a real effort, and a reasonably successful effort, at 
accident prevention in the last thirty-five years. But accidents in the 
home and in public are certainly the business of every physician as a 
public health matter. They are even more the business of the industrial 
physician interested in keeping men at work, since nearly three times as 
many workers are killed by nonoccupational accidents as by occupational 
accidents and diseases combined. 

In the prevention of nonoccupational accidents we stand just about 
where we did in 1913 in the prevention of industrial accidents. Since 
injuries resulting from accidents are not reportable, as infectious dis- 
eases are, and since there is no agency or person apt to see the victim 
of an accident except the physician called in to treat the injury, our 


information on the nature, the number or the cause of nonoccupational 
accidents is sketchy at best. It is only quite recently that there has been 
any really concentrated effort to get such information or to do anything 
about it. 


Cancer causes 61 per cent as much loss of working life as is caused 
by accidental deaths and about the same total loss of life. It seems 
reasonable, then, that accidental injuries should receive from the medical 
profession an amount of attention comparable to that spent on cancer. 
Actually you all know that a physician, by the time he is ready to prac- 
tice medicine, has heard his professors discourse on all angles of the 
cancer problem. He has been forced to pry personally into the inner 
recesses of cancers. He has learned all of the varieties and all of the 
predisposing factors. 

About accidents he has probably learned that “they happen in the 
best regulated families.” One of the results of this situation is that since 
1930, while occupational deaths have been reduced approximately 30 
per cent, general accidental deaths have been reduced about 4 per cent. 
That is per capita incidence in both cases, not gross numbers. 
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I shall not recite the figures on reductions of infectious diseases, 
since all are familiar with them. They are comparable to or greater 
than the reductions of occupational deaths. The same kind of attack 
which has been so effective in controlling these diseases and occupational 
injuries will also be effective in the control of the nonoccupational 
injuries. The industrial physicians have the training and interest in 
prevention to bring about this next necessary step in protecting the public 
health through the medical profession. 
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CHRONIC LIPID PNEUMONIA FOLLOWING 
OCCUPATIONAL EXPOSURE 


J. PAUL PROUDFIT, M.D.* 
WASHINGTON, PA. 


H. S. VAN ORDSTRAND, M.D. 


CLEVELAND 
* AND 


C. W. MILLER, M.D. 
ST. LOUIS 


NEUMONITIS due to aspiration of oil was first reported by 
Laughlen* in 1925. He described 5 cases. All the patients were 
infants except 1, a man aged 37 years. He had experienced dysphagia 
and had been given liquid petrolatum as a laxative. In 1946 Sodeman * 


reviewed the literature and found reports of 131 cases; the patients were 
adults. 


Various oils have been incriminated in the etiology of lipid pneu- 


monia. Among them are liquid petrolatum (“mineral oil”), petrolatum 
(“vaseline”), wheat germ oil, castor oil, milk fat (cream), cod liver oil, 
halibut liver oil, egg yolk, chaulmoogra oil, olive oil and possibly poppy- 
seed oil.* The exposure has been reported to have occurred with the 
use of oils, both drops and sprays, intranasally, intratracheally and, most 
commonly, by mouth. Liquid petrolatum, being light and nonirritating, 
does not elicit the cough reflex and therefore easily reaches the lungs. 
Once it is within the alveolar spaces little absorption occurs. The 
droplets are phagocytosed and transferred to the lymph nodes. Here 
and in the alveoli a fibrous tissue reaction follows.‘ 


From the Cleveland Clinic and the Frank FE. Bunts Educational 
Cleveland. 


* Former Fellow of the Cleveland Clinic. 


Institute, 


1. Laughlen, G. F.: Studies on Pneumonia Following Naso-Pharyngeal Injec- 
tions of Oil, Am. J. Path. 1:407-414 (July) 19235. 


2. Sodeman, W. A., and Stuart, B. M.: Lipid Pneumonia in Adults, Ann. Int. 
Med. 24:241-253 (Feb.) 1946. 


3. Rabinovitch, J., and Lederer, M.: Lipoid Pneumonia, Arch. Path. 17:160- 
168 (Feb.) 1934. 


4. Pinkerton, H.: Reaction to Oils and Fats in Lung, Arch. Path. 5:380-401 
(March) 1928. 
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No case of oil pneumonia due to industrial exposure has been 
reported in the literature to our knowledge. Hirsch and Russell * 
reported a case of chronic exudative and indurative pneumonia develop- 
ing in a furniture worker. Nothing significant was found in the 
patient’s sputum. They suggested that the findings bore a resemblance 
to the lung changes produced by massive aspiration of liquid petrolatum. 
They expressed the belief that the changes were due to the shellac 
dissolved in some oil medium and that the material entered the lungs 
by the inhalation of fine particles dispersed by pressure in sprays. They 
pointed out pathologic observations differing from those of lipid pneu- 
monia. They concluded that the tissue responses in their case were 
due to the fatty acid composition of the lac resin of the shellac. 

There are two distinct types of pulmonary changes produced by 
liquid petrolatum. The first is that described by Laughlen.' It is an 
acute pneumonic process accompanied by bacterial infection but not by 
conspicuous fibrosis, the consolidation being caused largely by the intra- 
alveolar accumulation of oil-laden phagocytes and other inflammatory 
cells. Ikeda * called this the infantile type. 

The second type, described first by Pinkerton,’ in 1927, consists of 
multiple firm fibrous nodules composed of large globules of liquid 
petrolatum embedded in dense, hyaline fibrous tissue. This is Ikeda’s ® 
“lipoid pneumonia of the adult type,” or paraffinoma of the lung if liquid 
petrolatum is responsible. 

Although any of the lobes may be involved, the most frequent 
location is in the lower lobes, particularly the right. In several cases 
metastatic deposits of lipid material were found in other organs. In 
the case reported by Young, Applebaum and Wasserman * the adrenal 
glands and the ovaries were involved. Pinkerton and Moragues *® 
reported a case in which the spleen and the|liver showed oil deposits. 
These were attributed to hematogenous spread. 

The development of the disease may be insidious. In half of the cases 
reported by Freiman and his co-workers '® the condition was asympto- 


5. Hirsch, E. F., and Russell, H. E.: Chronic Exudative and Indurative 
Pneumonia Due to Inhalation of Shellac, Arck. Path. 39:281-286 (May) 1945. 
6. Ikeda, K.: Lipoid Pneumonia of Adult Type (Paraffinoma of Lung), 


Arch. Path. 23:470-492 (April) 1937. 

7. Pinkerton,-H.: Oils and Fats: Their Entrance into and Fate in Lungs of 
Infants and Children; Clinical and Pathologic Report, Am. J. Dis. Child. 38:259- 
285 (Feb.) 1927, 

8. Young, A. M.; Appelbaum, H. S., and Wasserman, P. B.: Lipoid Pneu- 
monia: Report of Case, J. A. M. A. 112:2406-2409 (June 10) 1939, 

9, Pinkerton, H., and Moragues, V.: Paraffinoma of Lung with Secondary 
Tubercle-like Lesions in Liver and Spleen, Arch. Path. 29:691-699 (May) 1940. 

10. Freiman, D. G.; Engelberg, H., and Merrit, W. H.: Oil Aspiration 
(Lipoid) Pneumonia in Adults: A Clinicopathologic Study of Forty-Seven Cases, 
Arch. Int. Med. 66:11-38 (July) 1940 


q 
F 


PROUDFIT ET AL.—-CHRONIC LIPID PNEUMONIA 107 


matic. The disease is commonest in infants and in elderly persons. 
Forced administration of oil and dysphagia are predisposing factors. 
Nevertheless, healthy adults are susceptible to the disease."* With adults 
the most common mode of administration of oil is that in which liquid 
petrolatum is used as a laxative. There is usually a history of prolonged 
self treatment with one of the oils mentioned. Laughlen' found 
typical pathologic lung changes at autopsy in a diabetic child, aged 3 
years, who had been semicomatose at the time of a single oral administra- 
tion of 2 drachms (7.5 cc.) of liquid petrolatum. 

Cough may be present or absent. When present, it is usually mild 
unless secondary infection has occurred. Pain in the chest is infrequent 
or mild. Occasionally intermittent low grade fever occurs. Repeated 
bronchopneumonia may develop and may be terminal. The physical 
findings are those of any chronic pneumonitis: dulness, harsh bronchial 
or bronchovesicular breath sounds, and rales at the bases. Clubbed 
fingers are rarely reported.'™ 

There is no typical roentgen picture of lipid pneumonia. In some 
cases the roentgenograms are reported as normal.? The earliest changes 
are increased lung markings or small basal infiltrations. Later, nodula- 
tion and consolidation develop, particularly in the hilar regions, unilater- 
ally or bilaterally, but extending to the peripheral lung field. The picture 
is variable. Compensatory emphysema may be present. Atelectasis and 
hilar adenopathy are not seen. In the absence of secondary infection the 
roentgenographic picture tends to remain stationary over a period of 
years. There may be extensive changes which are out of proportion to 
the clinical signs and symptoms. The shadows may increase in size or 
may show a decrease due to shrinking incident to fibrosis.‘° Malignant 
neoplasm may be suggested by the lung picture." 

The diagnosis is made only when the condition is suspected. In 
many of the cases reported in the literature the condition was diagnosed 
at postmortem examination. The history of oil ingestion was obtained 
from relatives. The diagnosis may be suggested by a history of oil 
ingestion or exposure. This is especially true if the patient is elderly 
and has had dysphagia. The roentgenogram may point to the diagnosis 
by presenting linear or nodular infiltrations near the hilus but extending 
out toward the periphery of the lower lobes, particularly the right. Per- 
sistent pulmonary infiltrations which do not fit into any well established 
disease pattern, especially when accompanied by disproportionately few 


11. (a) Schneider, L.: Pulmonary Hazard of Ingestion of Mineral Oil in 
Apparently Healthy Adult, New England J. Med. 240:284-291 (Feb. 24) 1949. 
(b) Brown, A. L., and Biskind, G. R.: Differential Diagnosis Between Lipid 
Pneumonia and Pulmonary Neoplasm, J. A. M. A. 117:4-6 (July 5) 1941. 


12. (a) Thomas, H. M., Jr., and Rienhoff, W. F.: Lipoid Cell Pneumonia: 
Adult Type, South. M. J. 32:1077-1088 (Nov.) 1939. (b) Brown and Biskind.1™ 
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symptoms, should suggest oil pneumonitis.* It must be considered when 
an unconfirmed diagnosis of pulmonary cancer is entertained.’'” Little 
or no change in serial roentgenograms favors oil pneumonitis as a 
diagnosis. Oil may be found in the sputum or on bronchoscopic aspira- 
tion. Further confirmation may be obtained by bronchoscopic biopsy or 
by aspiration biopsy, a no. 16 or 17 gage needle being used.*** Oil may 
be detected by its characteristic appearance on cigaret paper applied to 
the specimen. Oil-laden macrophages may be seen under the micro- 
scope. The oil may be identified by its staining characteristics; liquid 
petrolatum stains pale orange with scarlet red, and pink with nile blue 
sulfate." It does not reduce osmic acid.* 

Among conditions which must be differentiated from oil aspiration 
pneumonia are chronic fibroid tuberculosis, pulmonary infarct, pneu- 
monoconiosis, chronic bronchitis, bronchiectasis, chronic passive conges- 
tion, “unresolved pneumonia,” viral pneumonia, fungous infections of the 
lungs and bronchiogenic or metastatic carcinoma. The question of 
cancer is particularly important. If error is made, it would seem better 
to err on the side of performing an unnecessary surgical operation on 
the lung, as did Thomas and Rienhoff,’** than to adopt the policy of 
assuming that a doubtful lesion is a paraffinoma. The detection of oil, 
of course, would not eliminate the possibility of a carcinoma. 

Unless the pulmonary lesions are so extensive that the patient dies 
of asphyxia, oil aspiration pneumonia itself cannot be considered a direct 
cause of death.” It is frequently associated with other pulmonary dis- 
ease. That repeated bronchopneumonia may occur has been pointed out. 
Lung abscess and empyema are complications. 

Pulmonary carcinoma has been produced in experimental animals 
with the use of oils. Wood ** reported a bilateral lung cancer occurring 
in a 52 year old woman who had been using oily nose drops for ten 
years and liquid petrolatum as a laxative for fifteen years. Autopsy 
revealed lipid pneumonia. He called attention to the fact that this tumor 
bore an analogy to certain experimental and natural-occurring lung 
tumors in animals. He concluded that carcinoma rarely accompanies 
lipid pneumonia 

The prognosis is usually good. The patients are left with various 
degrees of pulmonary fibrosis and corresponding limitations of activity. 
The relative lack of change in serial roentgenograms has been mentioned. 

The treatment should be preventive. Care should be exercised when 
oil is administered to infants. The danger of giving oil to infants lying 
on their backs has been pointed out. The rationale for the use of oily 
nose drops has been challenged. In recent years there has been a definite 


13. Wood, E. H.: Unusual Case of Carcinoma of Both Lungs Associated with 
Lipoid Pneumonia, Radiology 40:193-195 (Feb.) 1943. 
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trend away from the employment of such oily preparations. Liquid 


petrolatum as a laxative should be used with caution and probably 


should not be employed in the management of the aged patient or in 
patients exhibiting dysphagia. In industry, proper ventilation should be 
provided, and masks should be worn by workers exposed to high con- 
centrations of oil mist. 


There is no treatment for oil aspiration pneumonia. In view of the 
difficulty of establishing a definite clinical diagnosis of paraffinoma, and 
in view of the present day low mortality following pulmonary surgery, 
resection should be seriously considered in selected cases of localized 
involvement. 

REPORT OF A CASE 


The patient was a ‘white man 40 years of age who was first seen in St. Louis 
by one of us (C. W. M.). He stated that he had been engaged for seventeen years 
as a serviceman, repairing, cleaning and lubricating cash registers. He first sprayed 
the machines with a naphtha solvent and later sprayed them with a grade 10 liquid 
petrolatum (“mineral oil”) for lubrication. The operation was carried out in a 
three-sided booth. There was an exhaust fan on top, but it “failed to remove the 
fumes.” From time to time the oil mist would become so thick that he found it 
“necessary to leave the booth in order to get fresh air.” 

His chief complaints were cough, shortness of breath and a sense of fatigue. 
Dyspnea was first noted on June 16, 1944, when he consulted a physician, com- 
plaining of abdominal distention and weakness. He had gradually lost weight, from 
155 to 130 pounds (70 to 50 Kg.), over the previous five years. His doctor sus- 
pected tuberculosis. A second physician was consulted, and he suggested that the 
oil fumes had irritated the patient’s lungs. The patient had a cough productive of 
thick mucoid sputum. He estimated that he produced 1 to 2 tablespoons of this 
per day. He raised most of it in the mornings on arising, when he occasionally 
vomited, with severe coughing. He denied hemoptysis. His shortness of breath 
was mostly exertional. No gastrointestinal symptoms had occurred since the day 
of onset of symptoms. 

His past medical history was noncontributory except for some mention of 
“sinus trouble” in 1940. There was no personal or family history of tuberculosis. 

The physical examination showed nothing of significance except in the chest. 
On deep inspiration the chest measured 35 inches (89 cm.) and on expiration 
32 inches (81 cm.). Medium rales were noted over both bases 

Laboratory data were for the most part irrelevant. The urinalysis gave normal 
results. The hemogram was normal. The sputum was reported to be free from 
tubercle bacilli. A subsequent guinea pig inoculation was reported as not producing 
tuberculosis. Sedimentation rates were reported to be 13 mm. and 5 mm. in sixty 
minutes on two different tests. The electrocardiogram was normal 

A posterior-anterior roentgenogram of the chest showed some irregularity of 
the outline of the diaphragmatic shadows. The heart borders were slightly obscured 
by underlying and overlying pulmonary changes. There was a large annular shadow 
opposite the fourth rib anteriorly in the left hilar region. This was interpreted 
as an old calcified gland. Radiating out from the hilus in both right and left 
midlung fields were soft shadows, rather evenly distributed, which, for the most 


part, followed the anatomic distribution of the bronchi The shadows were 
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similar to those produced by iodized oil (lipiodol*), especially on a roentgenogram 
taken several days after the oil had been injected. The upper lung fieltls were 
relatively free from any unusual markings. The roentgenologic diagnosis was pneu- 
monitis (caused by oil?). 

At the time of the original examination the sputum was reported on as follows: 
“Scarlet red stain shows the presence of very large numbers of globules of an 
oily or fatty nature, ranging from 1 to 100 microns in diameter. For the most 
part they are extracellular but a few are within macrophages. Osmic acid stain 
shows that the globules do not blacken with osmic acid. This indicates that the 
material is mineral oil since all oils and fats of animal origin blacken with osmic 
acid.” 

Bronchoscopic examination (Dr. J. L. Mudd) showed only moderate redness 
of the bronchi. Lipiodol® studies were not done. 


Questioning elicited no history of the use of oily nose drops or spray. 


(b) 


(a) Roentgenogram taken on May 11, 1945 (by C. W. M.) showing linear pro- ‘s 

liferative infiltration throughout the right lung and in the lower half of the left. 

(b) Roentgenogram taken on Nov. 29, 1948, showing only slight progression. 


It was the opinion of the original examiner (C. W. M.) that this case repre- 
sented pneumonitis of industrial origin due to the inhalation of oil. 

The patient was first seen at the Cleveland Clinic on Nov. 29, 1948. His com- 
plaints were as before: coughing, shortness of breath and exhaustion following the 
least exertion. Since he was in St. Louis his occupation had been changed to 
largely sedentary work, involving no further exposure to liquid petrolatum. He 
stated that financial compensation for partial disability had been awarded. He 
coughed up moderate amounts of thick yellow sputum in the mornings. There had 
been considerable postnasal drip for two years or so. There was no history of 
allergy. In January 1946 a severe cough developed, which caused him to miss work 
for four months. He had frequent severe colds. He claimed to be able to perform 
his present work, although the least exertion, such as bathing or drying himself, 
resulted in severe dyspnea. He smoked no cigarets. He complained that there had 
been loss of libido over the past eighteen to twenty-four months. He was slightly 
nervous and at times mildly depressed. He denied taking any laxatives. He could 
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recall no fellow worker (serviceman) exposed to the oil who had been similarly 
affected. He suspected that there was such a condition in one fellow worker. He 
stated that in 1947 his vital capacity measured 50 per cent of normal. There had 
been oil in his sputum at that time. He claimed that he had lost 10 pounds (4.5 
Kg.) in the previous ten years. 

Physical examination revealed an asthenic white man, aged 44 years, alert and 
comfortable. There was slight pallor. A small amount of thin white postnasal 
drip was seen in the oropharynx. The chest was flat and symmetric. It measured 
31% inches (80 cm.) at rest, 32'%4 inches (82.5 cm.) on full inspiration and 30% 
inches (77.5 cm.) on full expiration. No unusual dyspnea was observed after the 
patient performed an exercise test consisting of 40 jumps off the floor. The pulse 
rate returned to normal within one minute after this exercise. There was slight 
dulness over the lower half of the right side of the chest. Many medium to coarse 
rales were heard over the lower half of both lungs. The blood pressure was 96 
mm. systolic and 66 mm. diastolic. The heart was normal. Mild varicosities of the 
lower legs were noted. Abdominal examination showed no abnormality. There was 
slight dorsal kyphosis. There was definite clubbing of the fingers and toes with 
beaking of the nails. The reflexes were physiologic. 

The vital capacity measured 2.7 liters (normal, 4.5 liters). The sedimentation 
rate was 0.65 (normal, up to 0.45) by the Ernstene-Rourke method. The hemo- 
globin was 13 Gm. per hundred cubic centimeters. The leukocytes numbered 10,500 
per cubic millimeter. The differential count showed 58 per cent neutrophils, 38 
per cent lymphocytes, 3 per cent eosinophils and 1 per cent monocytes. The fast- 
ing blood sugar was 84 mg. per hundred cubic centimeters. A single examination 
of sputum showed no oil and few pus cells. Pathogenic organisms were not found 
in the sputum. 

Roentgenograms showed the nasal accessory sinuses normal. Those of the 
chest revealed a diffuse linear proliferative infiltration that extended throughout the 
right lung (most marked in the lower two thirds) and involved the lower half of the 
left lung. A calcified gland was present just below the left hilus. There was no 
apparent enlargement of the pulmonary conus or outflow tract of the right ventricle. 
The roentgenologic diagnosis was chronic interstitial pneumonitis consistent with a 
clinical history of lipid origin. 

The roentgenogram of Noy. 29, 1948 was compared with those taken in St Louis 
in 1945 (figure). It was noted that the picture showed only slight progression. 

We believe that in our case the diagnosis of chronic lipid pneumonia is estab- 
lished by this lack of change, by the relative extensiveness of the roentgenologic 
findings as compared with the symptoms, by the history of exposure to “mineral oil,” 
and by the fact that liquid petrolatum had been identified in the sputum at the time 
of the original examination. 


The physical finding of pulmonary osteoarthropathy is unusual and has been 


reported in only 2 cases previously. 


SUMMARY 


Reports of lipid pneumonia due to occupational exposure have not 
been found in the literature. In the case presented in this report, 


chronic pulmonary symptoms developed following occupational exposure 


extending over a seventeen year period. 


6 South Main Street (Dr. Proudfit). 
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News and Comment 


TENTH ANNUAL CONGRESS ON 


INDUSTRIAL HEALTH 


The Council on Industrial Health of the American Medical Association wishes 
to announce that the general sessions of the Tenth Annual Congress on Industrial 
Health will take place at the Hotel Roosevelt in New York on Feb. 20 and 21, 
1950. Although designed primarily for professional people, any one interested in 
industrial health is cordially invited to attend. There is no registration fee. 
The health and welfare of workers have become significant factors in the con- 
duct of business and industry. It is a matter of considerable importance to know i 
what implications exist for medicine and the health professions in these social and 
economic developments. Most of the discussions during the Congress will be 
directed toward clarifying the objectives of industrial health services and bringing 
these benefits to more workers in business and industry. For example: 
What are the best ways of supplying dependable health education to the worker 
and his family? 
How are existing plans for medical care of the workers’ nonoccupational ill- 
nesses working out? 
What does current experience suggest in the way of improvement? : 
Can we work out a case-finding program in industry which will use effectively 
the talents and facilities of industrial physicians andl of private physicians and 
the public andl voluntary health agencies? Can this be done on a community basis? 
How can 'the physician and the nurse contribute to harmonious human relations 
in industry ? 


If disaster comes, does industry have a plan? 

Is there a practical way for medicine, management and labor to cooperate in 
the advancement of health in industry? 

What are the possibilities of much closer integration between the biologic, ; 
engineering and social sciences as they apply to industrial production and human 4 
relations ? 


These are questions which the Congress will attempt tc answer with the help 
of outstanding leaders in business, labor and professional circles 

Meetings of the Council on Industrial Health and of its technical committees 
will be held February 18 to 21 and are limited to members and invited guests. 
These committees will consider workmen's compensation, rehabilitation, noise, 
economic poisons and atmospheric pollution. The results of their deliberations, 
however, will be reported at a dinner and summarizing general session, Tuesday 
evening, February 21. 


ADVISORY COMMITTEE ON INDUSTRIAL HYGIENE TO THE 
PUBLIC HEALTH SERVICE 


The recently appointed Advisory Committee on Industrial Hygiene to the Public 
Health Service met for the first time in Washington Sept. 26-27, 1949. The fol- 


lowing resolutions were adopted 


Secretary of Labor to resolve conflicts in industrial hygiene administration 


That the Surgeon General of the Public Health Service consult with the 


> 


2. That ionizing radiation carries new and unknown hazards to workers, requir- 
ing wide dissemination of information and greatly augmented research 
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3. That research in atmospheric pollution should be a regular function of the 
Division of Industrial Hygiene 

4. That the Division of Industrial Hygiene should collect data on industrial 
medical care programs. 

5. That the Division of Industrial Hygiene study the present lack of adequate 
occupational disease reporting. 

6. That the Division of Industrial Hygiene cooperate with other interested 
groups to meet the industrial health needs of small industries. 

7. That funds be sought for research in mental hygiene in industry. 


8. That the need for a study of medical certification of temporary disability be 
recognized. 


CLASSIFIED LIST OF INSTITUTIONS 


In a Manual on the International Exchange of Publications which the United 
Nations Educational, Scientific and Cultural Organization (Unesco) expects to 
publish, there will be included a classified list of the institutions and learned 
societies throughout the world which are willing to exchange either their own 
publications or other publications which they have regularly at their disposal. 
Unesco has been able to obtain a considerable amount of information concerning 
the availability of exchange material but feels that the information at its disposal 
is still far from complete. All institutions which have so far not sent to Unesco 
details of their exchange material in one form or another are urged to communi- 
cate the following information to the Unesco Clearing House for Publications, 
19 Avenue Kléber, Paris, 16*, France: (a) name and full address of institution; 
(>) exact titles of publications offered (in the case of duplicates offered for 
exchange actual lists of duplicates are not required, but only a statement that lists 
of duplicates are available; institutions posiessing a catalog of their own publi- 


cations available for exchange are asked only to send a copy of the catalog or 
to give a full bibliographic description of the catalog); (c) institutions which 
wish to exchange their publications only under certain conditions are asked to 
state what these conditions are. 


MEETING OF THE AMERICAN ACADEMY OF OCCUPATIONAL MEDICINE 


The American Academy of Occupational Medicine will hold its Second Annual 
Conference at the Netherlands Plaza Hotel in Cincinnati on Feb. 17-18, 1950. 
A feature of this meeting will be a tour of the Kettering Laboratory, University of 
Cincinnati College of Medicine, to observe and discuss experimental work in 
progress. 


NEW NAME FOR HYGEIA 


The Trustees of the American Medical Association have authorized the renam- 
ing of the Association’s health magazine, Hygeia. The new name will be Today's 
Health. The change will be made with the issue of March 1950. 
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Abstracts from Current Literature 


General 


Work Revationsairs. V. W. Biapen, Canad. J. Pub. Health 40:283 (July) 
1949, 


Bladen shows that the problem presented by work relationships is common 
to all administrators, whether in a university, a plant, a hospital or a health unit. 
The problem is that of securing the effective collaboration or cooperation of a 
number of people. 


Supervisors need to understand more about the people they have to supervise. 
The leader must, to quote Professor Selekman, be “down-to-his-soles aware of 
how it would feel to be one of the led.” 

The technic of nondirective interviewing involves more than a knowledge of 
a few rules, though some of these rules best explain its essential character. 

The first rule is that the supervisor should listen patiently to what his sub- 
ordinate has to say before making any comment himself. The second rule is to 
refrain from hasty disapprobation. The third rule is not to argue. This leads to 
the fourth rule, not to pay exclusive attention to the manifest content of the 
conversation. The fifth rule is that the supervisor should listen not only to what a 
person wants to say but also to what he does not want to say or cannot say with- 
out help. 


Activities oF THE Heatia AND Sagety Diviston, BUREAU or MINES, UNITED 
States DEPARTMENT OF THE INTERIOR, DuRING THE War Years, 1941-45. 
D. Harrincron, United States Bureau of Mines Information Circular 7487, 


United States Department of the Interior, Bureau of Mines, January 1949. % 


The numerous activities of the Bureau of Mines during the war are described 
in some detail. In the conclusions it is shown that| a great amount of expansion 
had to be made when man power was at a premium. Nevertheless, “the result 
was all that could be expected, and every one of the five branches of the Health 
and Safety Division acquitted itself admirably during the war; the strictly war 
agencies were adjourned promptly with the end of the war, no effort being made 
to perpetuate them. Notwithstanding the latter fact, there is now great need for 
a peacetime Federal explosives act to supersede the present wartime act (now 
recessed), the proposed peacetime act to license all users of explosives who do 
blasting, to see that explosives are manufactured, transported, and stored in a 
reasonably safe manner, and to provide that it may be expanded quickly in case 
of war (or an emergency before war) and with teeth far beyond the provisions 
of the present act, whic’: lacks much of being either strong or complete. The 
war operations of the five branches of the Health and Safety Division not only 
aided materially in the prosecution of the war but they also added much experience 
and information, some of which was translated into numerous publications of 
benefit in the prevention of accidents and ill health in the mining and allied industries 
in peacetime as well as war.” 


{[Inpust. Hyco. Founp. Dicest] 
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ABSTRACTS FROM CURRENT LITERATURE 


Occupational Diseases and Hazards 


Tue Morpnotocy or Bauxire-Fume Pneumoconiosis. J, P. Wyatt and 
A. C. R. Riopett, Am. J. Path. 25:447 (May) 1949 


Wyatt and Riddell report a pulmonary disease associated with the manufacture 
of alumina abrasives which was uncovered recently through an industrial survey 
by Shaver and Riddell. ‘The manufacture of these abrasive powders, made up 
of an aluminum oxide known as corundum, results in a lethal pulmonary hazard 
with distinct clinical, roentgenologic and morphologic findings. The processing is 
carried out in electric furnaces, with the mix consisting of finely ground bauxite, 
iron attd coke. Carbon electrodes are lowered to the surface of the mix and fusion 
occurs at a temperature of 2000C. Dense white fumes are evolved during this 
process, leading to contamination of the furnace rooms, where fatal conditions 
have resulted. 

The clinical syndrome common to all is shortness of breath, cyanosis, substernal 
discomfort and recurrent episodes of spontaneous pneumothorax from rupture of 
emphysematous bullae. The roentgenologic evidence and the parenchymal fibrosis of 
the lung are so startling and different from the findings in other pneumonoconiotic 
films that Shaver characterized this dust disease as individual and distinct from 
the more common silicosis. Lacelike and granular shadows, greatly increased 
width of the mediastinum and collapse of the lung are the cardinal features of the 
roentgenogram. The excessive, diffuse fibrosis throughout the lung tissue favors 
a “chemical dust” as the cause. 

The authors suggest that the mechanism of the bauxite fume pneumonoconiosis 
is that of an amorshous dust evoking a rapid sclerosing process within the pulmonary 
septums and interfering with the coniophage transmission mechanism usually 
responsible for elimination of dust. The end result is diffuse interstitial fibrosis 
with absence of nodule formation. They consider the amorphous alumina dust in 
intense concentration as the dominant etiologic agent, but state that the final answer 
will be obtained from studies. 


Rote oF Repeatep TRAUMA BY PNEUMATIC DRILL IN PropucTION oF Amyo- 

TROPHIC LATERAL Scierosis. B. J. Acpers and R. A. Farmer, Arch. Neurol. 

& Psychiat. 62:178 (Aug.) 1949 

Experience with 2 patients in whom symptoms of amyotrophic lateral sclerosis 
appeared to follow the use of a pneumatic drill raised the problem of whether 
repeated trauma might play a role in the precipitation of the disease, and for this 
reason Alpers and Farmer report these cases. 

The first case concerned a man, aged 63, who had worked with a pneumatic 
hand drill for nine months, symptoms appearing in the eighth month of its use. 
There were signs of disease of the anterior horn cells, confined largely to the 
cervical portion of the spinal cord. The second patient was a man who had 
worked with a pneumatic drill for more than three years: anterior horn cell disease 
was pronounced in the cervical region but was also present elsewhere. 


Siticosis OF MEDIASTINAL Nopves Its Comptications. F, Leicwer, 
Virchows Arch. f. path. Anat. 315:341-(May 18) 1948. 


Leicher, as assistant at the pathologic institute of the City Hospital in Solingen, 
had the opportunity to study a large number of cases of silicosis as this institute 
is situated in the center of the steel manufacturing industry where grinding, for 
which sandstone is used as grindstone, has been the traditional occupation of the 
population for centuries. Of the 4,000 necropsies which were performed at this 
institute, 2,018 were performed on cadavers of men who were aged over 30. Two 
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116 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 
hundred and seventy-seven (13.7 per cent) of those examined presented silicotic 
changes of the organism; 21 (7.6 per cent) of these had isolated silicosis of lymph 
nodes, 125 (45.1 per cent) had mild silicosis of the lungs, 47 (16.9 per cent) had 
medium severe silicosis of the lungs and 84 (30.5 per cent) had severe silicosis of 
the lungs. Death resulted from silicosis as an occupational disease in 99 of the 
277 men with silicotic lesions: 50 of the fatalities were due to compensable silico- 
tuberculosis, 30 to severe silicosis of the lungs and 19 to complicating silicosis of 
lymph nodes. 


Acute Dermatitis AND PNEUMONITIS IN WorKeErS: REVIEW OF 
406 Cases 1n Eicut-Year Periop Fottow-Up on Recovertes. + J. M. 
DeNarot, H. S. Van Orpstranp and M. G. Carmopy, Ohio State M. J. 
45:567 (June) 1949. 


From 1940 through July 1948, DeNardi and associates have encountered 195 
workers with dermatologic manifestations and 211 with major manifestations of 
disease of the respiratory tract in three plants extracting beryllium in the Cleve- 
land area 

The cutaneous manifestations may appear as contact or hypersensitivity-like 
dermatitis, as urticarial or hyperemic lesions, as, discrete papular lesions, as 
papulovesicular lesions or, finally, as so-called beryllium ulcers. Present treat- 
ment includes incision of the papule, removal of the crystals in the acute ulcers and 
curettage of the fibrous base in both the acute and the chronic phase. Healing 
by second intention is complete within seven to fourte¢n days. 

Of the 211 patients with major disease of the réspiratory tract, 121 had 
tracheobronchitis and 90 had chemical pneumonitis. With regard to the pneu- 
monitis, there were two main types, the fulminating pne, resulting from brief 
inhalations of concentrated fumes or dusts, and the insiflious type, resulting from 
continual breathing of furnes or dusts! over a period. | The fulminating type is 
the least common and usually is associated with anhydrous beryllium sulfate fumes 
formed during a violent chemothermal reaction when finely pulverized beryl ore 
frit is treated with sulfuric acid. The insidious type of pneumonitis usually 
appears after workers have been exposed to the fumes or dusts of beryllium sulfate 
tetrahydrate, beryllium fluoride and beryllium oxide over a long period and probably 
results from cumulative irritation of bronchioles in which small amounts of the 
compounds have been retained. 

Hospitalization and intermittent use of oxygen are required for both types of 
pneumonitis. There were 10 deaths in the 90 cases of pneumonitis reviewed here. 

Recent reexamination of 20 patients who had the severe type of pneumonitis 
revealed no recurrent or chronic manifestation of the disease and no resultant dis- 


ability. The authors present brief histories of these 20 patients. 


Il. Errect ON Rapaits or Expo- 
surE To Bacasse. B. Gerstt, M. Tacer and L. W. Szczerantak, Proc. Soc. 
Exper. Biol. & Med. 70:697 (April) 1949. 


Tue PatHoceniciry or BaAGaAsse: 


Gerst! and associates say that various factors have been suggested as etiologic 
agents of bagasse disease, such as the composition of the fiber itself, fungi and 
micro-organisms attached to the fiber, and the high silica content. The authors 
describe experiments which were carried out on rabbits in order to throw more 
light on the etiologic factors 

tagasse, irrespective of the route of administration, produces a complex and 
frequently progressive inflammatory reaction in the exposed animal. By employ- 
ing native, in contrast to autoclaved bagasse and its extracted resins and minerals, 
it could be demonstrated that the fiber itself calls forth a foreign body reaction 
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which is amenable to healing. The progressive inflammatory reaction and death 
of the animal, however, are due to micro-organisms attached to the bagasse. 

The authors conclude that the inorganic part of the inhaled bagasse dust pro- 
duces a long-standing tissue reaction which is primarily a foreign body response. 
It is unlike silicosis and is amenable to healing by resolution. Superimposed on 
these lesions, there occurs in those animals which are more susceptible to the 
causative micro-organisms acute bronchiolitic and pneumonic changes which, if 
sufficiently extensive, may cause death of the animal. A similar combination of 
etiologic factors seems to be the most plausible explanation of the complex picture 
of human bagasse disease 
OccupaTIONAL DERMATOSES IN THE Puitipetnes. J. S. SANTILLAN and A. G. 

HERNANDEZ, J. Philippine M. A. 24:351 (July) 1948 


Santillan and Hernandez want to call the attention of physicians of the Philip- 
pines to industrial dermatoses, which are compensable if they are “directly caused 
by employment” or are the “result of the nature of such employment.” Likewise, 
an aggravation of a previously existing dermatosis is compensable, and a derma- 
tosis appearing on a skin the resistance of which has been lowered by some 
compensable injury or illness is also considered compensable. 

The authors present 6 cases. In 1 case eruptions similar to ringworm developed 
after the patient had been exposed to sodium carbonate and sodium hydroxide in 
the finishing department of a textile factory 

In another case, red papillomatous eruptions developed on the skin of the left 
forearm of a laundry worker. They healed after she was kept away from the 
irritant, but recurred on renewed exposure 

In other cases eczematoid lesions developed when the patients came in contact 
with paints; an eruption followed contact with sodium bichromate ; severe exacerba- 
tion of ringworm of the feet was due to constant exposure to melted ice ; furunculosis 
appeared in a skin that had been debilitated by an occupational burn 

The authors stress cleanliness and protective clothing as important factors in 
the prevention of industrial dermatoses 


TuBercuLosis INpustRY: AN Stupy. ALice STEWART 
and J. P. W. Hucues, Brit. M. J. 1:926 (May 28) 1949 
Several surveys have revealed a significantly higher death rate and prevalence 
of pulmonary tuberculosis among boot and shoe workers than in the general 
population because of selective recruitment of employees and because of working 
conditions. As judged by medical classification for military service, male employees 


of boot and shoe factories were not as robust as other workers, Over 90 per cent 


of shoemakers have close relatives in the same trade, whereas less than 50 per cent of 
other factory workers had members of the family in the same trade. Shoemakers 
came in contact with more tuberculous persons at home than others. A _ roent- 
genologic survey revealed a higher incidence of tuberculosis but no evidence of 
pulmonary fibrosis due to leather dust, or of a higher incidence of other pulmonary 
lesions. 

Studies of 162 factories indicated that the incidence of pulmonary tuberculosis 
corresponded to the number of employees; the rate per thousand was more than 
three times as great in factories with over 600 workers as in plants with 100 
employees or less. Age and sex, specific duties, regional distribution of factories 
and working conditions proved to have no relation to the greater incidence in large 
factories. However, it was shown that the incidence did correlate with the size 
of the working unit; the rate per thousand was two to three times greater with 
60 to 80 employees per room than with 40 or fewer. 
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The findings suggest that boot and shoe workers may become infected during 
working hours, and, in factories with larger workshops, carriers may cause local 
epidemics 


In the clothing industry there is also more pulmonary tuberculosis in larger 
factories than in small ones. 


A. Lear, Boston. 


Acute PNeumonitis in A Worker. 
1030 (June 11) 1949 


An interesting case is reported of acute pulmonary disease in a 30 year old 
radic factory laboratory worker, considered the first diagnosed instance of acute 
beryllium pneumonia in England. The patient had worked for two hours a day 
during a five week period mixing a phosphor containing an unknown amount of 
beryllium to be used in coating tubes for strip lighting. No protection was provided. 
The clinical course covered a period of about six weeks, with complete clinical and 
roentgenologic recovery. The author discussed the literature briefly and the prob- 
lems of differential diagnosis. Physicians have come to know in the United States 


G. Rippett Royston, Brit. M. J. 


that in this type of case there may occur, after a delay of two or more years, a 
relapse, even apparently without further beryllium exposure, into the clinical syn- 
drome we now believe best designated as chronic beryllium poisoning. 


Harriet L. Harpy, Cambridge, Mass. 


Arturitis, as A Late Sequer or TRAUMA oF THE Wrist From INpustTRIAL 
Accipent, F, FernAnvez Rozas, Prensa méd. argent. 35: 1494 (July 30) 1948. 


Every year about 15,000 Argentinean workers hurt in accidents are cared for at 
the Instituto para Accidentados del Trabajo, in Buenos Aires. Rozas, of the Insti- 
tute, found that post-traumatic arthritis of the wrist joint is a frequent complication 
of either repeated microtrauma or rarely occasional trauma and is very painful. 
It reduces the working capacity by limiting movement of the joint and of the fingers 
Subsequent neurotrophic and vascular disorders are progressive, originating various 
clinical symptoms and disorders which involve the skin, the subcutaneous tissues, 
the muscles, the aponeurosis and the periarticular synovial tissues and the bone 
itself. In neglected cases the articular disease progresses into ankylosing osteo- 
arthritis with complete working incapacity. The clinical and roentgen diagnoses 
are easy. The roentgen picture of the wrist joint is clearly different from that 
shown by tuberculous, syphilitic, gonorrheal and rheumatic arthritis deformans. 

The treatment is mainly prophylactic, the giving of opportune care to workers 
after trauma. If arthritis develops, immobilization of the joint and physical 
therapy are indicated. Stellectomy and periarterial sympathectomy are indicated 
when the disease is not controlled by the aforementioned treatment. The author 
will discuss medicolegal problems of this sequel of industrial trauma in the near 
future. Seven cases are reported 


New Metnuops or INVESTIGATION AND INVESTIGATIONS ON OccCUPATIONAL 

Diseases. L; Terexy, Klin. Wehnschr. 15:249 (April 15) 1949. 

Teleky maintains that scientific investigations of problems of occupational 
hygiene depend not only on the industrial development of a country but also on 
its laws and social organizations, In Germany and England, where there are 
highly qualified governmental inspectors of industrial health conditions, including 
industrial physicians, and where labor organizations take a great interest in all 
questions of occupational hygiene and protection of the workers, occupational dis- 
eases form the most important part of the research in industrial hygiene. 

The conditions in the United States are quite different. There are few indus- 
trial hygiene inspectors who are qualified to do scientific work; there is an insuf- 
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ficient number of governmental industrial physicians who have the right to inspect 
factories. However, research institutes, governmental as well as private, are 
numerous and well equipped. Laboratory investigations play an important part. 
The most important periodical on industrial hygiene in the United States reflects 
this difference in emphasis in that during the years 1946 and 1947 it published 
25 papers on occupational diseases, 31 on animal experiments and 34 on air 
contamination. 

Teleky believes that the value of animal experiments is overestimated and cites 
examples which prove that policies deduced from animal experiments can be 
misleading. 

He shows that American investigators have made great contributions to the 
technic of determining the degrees to which air is contaminated with dusts and 
gases. 

The organization of medical departments and services in factories receives 
much attention in the United States as well as in England. 

The main part of this paper is concerned with a survey of recent contributions 
to the knowledge of industrial diseases. Under the heading of metals, he gives 
particular attention to cadmium, beryllium and selenium and to the welding process. 
The organic compounds he discusses include methyl bromide, trinitrotoluol and 
insecticides, particularly DDT. He further reviews byssinosis and bagassosis, 
and in discussing silicosis he gives particular attention to the prophylactic use of 
aluminum. 


SURVEY oF OccUPATIONAL VesiIcaAL AND ReNnat Lesions IN THE Dye-Sturr 
InpustrY oF Baset. A. MULLER, Schweiz. med. Wehnschr. 79:445 (May 28) 
1949. 


Miller collected 59 cases of vesical tumors in the dye industry in Basel in 
1933, and since then 78 additional cases have come under his observation—a total 
of 137 cases. The intermediates in the dyestuff production are conceded to be 
responsible for tumor formation, particularly aniline, benzidine, naphthylamines and 
their homologues. It is apparently necessary for carcinogenesis that the amino 
group be intact. Benzidine was held responsible 31 times, beta naphthylamine 
38 times, aniline 27 times, toluidine 11 times, alpha naphthylamine 2 times; in other 
cases data on the contact substances were unreliable. 

In 1946 the author discovered that hydrocarbons also may produce vesical 
tumors. During the coal shortage anthracene residues were used as boiler fuel. 
In a man who had tended the furnace and had been exposed for three years to 
the vapors of anthracene, vesical cancer developed five years later. Cancer of the 
bladder has been observed in workers who had contact with tar or who produced 
gas or briquets. 

The author shows that estimates of the incidence of these tumors and of the 
risk to the workers differ from less than 1 to over 30 per cent. For workers 
exposed to beta-naphthylamine for more than five years the incidence has been 
as high as 33 per cent. The latent period varied between one and forty-five 
years; the average was seventeen years. 

As a rule, symptoms are absent until the neck of the bladder and the region 
of the sphincter become involved ; then infection, ulceration and incrustation develop. 
The ratio of benign tumors to cancers has been estimated as 1:3, but even the 
benign growths involve the risk of cancerous degeneration 


For the treatment of papillomas and small carcinomas the author employs 


chiefly electrocoagulation. Regular control examinations and the prompt treatment 
of new sproutings may prevent the development of large and perhaps also of 
cancerous growths for years and decades. For carcinoma, resection of the bladder 
is recommended. 
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Contrisution to Stupy or “Cor PutmMonaLe” in F 
Acta cardiol. 4:245, 1949. 


Lavenne, 


Lavenne’s report concerns 3 coal miners with silicosis who died from cardiac 
decompensation. Two had pseudotumoral silicosis complicated with vesicular 
emphysema. In the third the disease was still in the nodular stage. The author 
emphasizes the acute infection of the respiratory passages as the eliciting factor 
in asystole, the rapid fatal course of asystole, the occasional presence of signs of 
decompensation of the left ventricle and the inefficiency of cardiotonic treatment 
with digitalis and ouabain. Necropsy was performed on 2 of the patients; the 
anatomicopathologic examination revealed considerable dilatation and hypertrophy 
of the right ventricle and the right auricle. 

The electrocardiograms of these 3 miners resembled one another, and the author 
compares them with the electrocardiograms of 110 silicotic invalids who were still 
ambulant and not decompensated. He confirms the opinion that the electrocardio- 
graphic aspect of right predominance does not appear as an initial sign of “cor 
pulmonale” in silicosis. The roentgenologic signs of “cor pulmonale” usually 
appear earlier than the electrocardiographic changes. 


ErioLocy or Seacer’s Fincer (Buunser Fincer, “Speck Fincer”). T. Taybrta 
and J. Kvittincen, Acta path. et microbiol. Scandinav. 26:407, 1949. 


According to Thjétta and Kvittingen, the sealers of the northern and southern 
seas very often suffer from an infection of the fingers called sealer’s finger or 
blubber finger (Norwegian “speck [amyloid] finger”). This disease is well known 
only to physicians residing in the northern cities of Norway, who have to treat 
the sealers when they come home after their periods of seal hunting and present 
their swollen fingers. 

It is!the opinion of the sealers themselves that this disease is caused by some 
infection contracted through the handling of seals, especially through the skinning 
of the animals. Experience justifies this view, but hitherto no microbe of any 
kind has been found responsible for the infection. , 

From 2 cases of typical “speck finger” the authors have cultivated two strains 
of a microbe that has been identified as a pigment-producing strain of a Micro- 
coccus showing very slow growth on common mediums. The microbe is moderately 
halophil and has no fermentative powers against carbohydrates. 

The isolated strains of the Micrococcus proved only a moderately good antigen 
in rabbits. But after several injections the animals experimented on responded 
and yielded a serum that gave antibody reactions as well against the homologous 
as against the heterologous strain. © 

Although it cannot be claimed that this microbe is the cause of “speck finger,” 
it is felt that the observations may provide a working hypothesis. The authors 
recommend that other investigators examine their cultures for this microbe when 
opportunity is at hand. 


Industrial Toxicology 


PiGMENTARY DisturRBANCE FoLLowinG Exposure To MonosenzyL oF 
Hyprogurnone. T. Bernstein and P. M. Sacns, Arch. Dermat. & Syph. 
$9:542 (May) 1949. : 


Bernstein and Sachs point out that in 1940 Schwartz and associates reported 
depigmentation secondary to the wearing of yellow rubber gloves. The leukoderma 
was traced to monobenzyl ether of hydroquinone (Age Rite Alba), an antioxidant 
used in the preparation of the rubber 
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The purpose of this communication is to report further instances of this cosmetic 
disorder. The cases presented here include those of 3 Negroes employed in the 
manufacture of rubber dolls and of a white man exposed to neoprene, a synthetic 
rubber. In the 4 cases monobenzyl ether of hydroquinone was the antioxidant 
incorporated in the rubber to which these persons were subjected in handling the 
unfinished dolls or gloves. None of the patients had had an eruption or pigmentary 
disturbance preceding the disorder. In all the cases negative reactions followed 
patch tests with substances to which the patients were exposed, including the 
rubber itself; however, positive reactions were obtained with monobenzyl ether 
of hydroquinone. 

The 3 Negro patients exhibited depigmentation, while the white man showed 
hyperpigmentation. In addition to these patients, 6 others with similar involvement 
were seen in the course of a routine inspection of the manufacturing plant. It was 
not possible to secure complete histories and make thorough examinations at the 
time; therefore, reports of these cases are omitted. Moreover, the authors know 
of several patients with this dermatosis who are under the care of other physicians 
This observation indicates the relatively high frequency of this dermatosis, as 
well as the high incidence of the contacts with monobenzyl ether of hydroquinone. 

The authors point out that nonoccupational origin of this depigmentation has 
been observed: for instance, leukoderma of the axillas following the use of rubber 
shields, loss of pigment on the chin after contact with a rubber dam used in dental 
work. It seems likely that there should be such depigmentations among handlers 
of various rubber products, such as children with rubber toys and physicians with 
rubber gloves. 

The authors found that in some cases the pigmentary disturbance was preceded 
by an inflammatory process. Eliminatior. of contact with the rubber was followed 
by restoration of the pigment 

Pigmentary changes may also involve the adnexa of the skin’ One of the 
patients observed a loss of hair on the forearms, while another noted that the hair 
on the forearms changed to a lighter color 


FROM BuRNING Paint. M. W. Westoare, Address Before National 


Paint, Varnish & Lacquer Association, abstracted, Chem. Engin. 56:264 (April) 
1949, 


The amounts of carbon monoxide and other gases coming from smoldering 
paints are insignificant compared with the much greater amounts of carbon monoxide 
from burning structures and other materials feeding fires. For all practical pur- 
poses paint gases can be ignored in estimating the relative toxic hazards of all 
materials that might become decomposed in an actual! building fire. Heavily pig- 
mented firms, as anticipated, were found to have lower rates of carbon monoxide 
production than combustible structural materials. Some of them actually reduced 
the total output of carbon monoxide for their combustible substrates. 


This shielding 
effect was most noticeable in fire-retardant paints, as expected. 


Data are given 
showing that less carbon monoxide was formed from wooden panels coated with 
fire-retardant paints than from any other types of paint in their respective classes. 


[Inpust. Hye. Founp. Dicest] 


Carson TETRACHLORIDE Causes Two Dratus 1n INpustry. A. P. 


Bett and 
W. A. Mrecnect, Indust. Hyg. Newsletter 9:4 (Aug.) 1949. 


Three cases of carbon tetrachloride poisoning, 2 of which proved fatal within 


ten days of exposure, are reported from a degreasing plant at Louisville, Ky. 
Carbon tetrachloride was added to the trichlorethylene. The latter solvent, alone, 
was being used as the degreaser previously. 


The 2 patients were workers who, 
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among others, were exposed to the solvent vapors two days after this change was 
made. Autopsy showed a characteristic picture of carbon tetrachloride poisoning. 
The ventilation and the construction of the room and the design of the tanks are 
described and reported as having been unsatisfactory. 

The authors summarize the factors contributing to the hazardous conditions 
causing the illness and the fatalities as an insufficient number and improper super- 
vision of the protective devices, inadequate ventilation, poor design of the degreasing 
tanks, a defective method of operation and the addition of carbon tetrachloride to 
trichlorethylene. 

A brief description of the evidence brought out at the coroner’s inquest and 
the findings are also given. 


Krisuna K. Matuur, Peepal Mandi, Agra (U. P.), India. 


Errects or Freepinc Urantum Nitrate HEXAHYDRATE IN THE Diets oF 
Breepinc Waite Rats. E. A. Maynarp, C. Ranpatyt, H. C. Honce and 
J. K. Scort, J. Pharmacol. & Exper. Therap. 95:421 (April, pt. 1) 1949. 


Maynard and associates point out that there is a double interest in the possible 
effects of uranium on the reproductive organs—first, because uranium is a highly 
toxic heavy metal, and second, because it is radioactive. The whole problem of 
the interference with reproduction following exposures to uranium compounds 
seemed of sufficient importance to warrant additional exploratory investigations. 
A study of the pattern of reproduction in rats fed uranium appeared ot be a reason- 
able first step. 

The plan of this experiment was to observe the effects on reproduction when 
weanling rats (aged 28 days) were maintained in pairs on diets containing 2 per cent 
uranium nitrate hexahydrate. A similar group of litter mates were paired in the 
same fashion to serve as a control group. 

Two groups of 50 pairs of rats were studied for seven months. The growth 
rate of both male and female rats receiving the 2 per cent uranium nitrate hexa- 
hydrate diet was notably depressed. Increased growth occurred, however, when 
the experimental rats were placed on the control diet seven months after the start 
of the experiment. 

Uranium feeding sharply reduced the number of female rats having litters 
In addition, the experimental rats had fewer young per litter. When the experi- 
mental rats were replaced on the stock diet, the ogee ae having litters were more 
productive than the control rats. Females which failed to have litters when fed 
the experimental diet did not have litters when fed the stock diet. 

Rats fed 2 per cent uranium nitrate hexahydrate exhibited a slightly greater 
mortality during the twelve month period 

Uranium nitrate hexahydrate feeding produces an irregularity of estrus cycle. 
Only 19 of 44 experimental female rats had regular estrus cycles and regular 
matings. 


Uranium, except in traces, does not cross the placental barrier. 


Tue Use or Beryttium New York Stare. J. FE. Srrson, L. P. Benyamin 
and S. C. Wiison, Monthly Review, New York Department of Labor, Division 
of Industrial Hygiene and Safety Standards, April 1949 


The fact that beryllium-containing phosphors are being uséd in neon sign 
manufacture calls for the many precautionary measures described for tube coating 
and sign fabrication operations. The disposal of fluorescent lamps is also discussed, 
including a device for breaking them under water. Precautionary measures for opera- 
tions creating fumes and dusts in the ceramics industry and for alloys containing 
1 per cent or more beryllium are included. 
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A discussion of the effects of beryllium on the lungs, respiratory tract and skin 
is presented. Mention is made of cases now being reported in which the chronic 
disease has apparently developed several years after recovery from the acute form, 


without further exposure. Freperick J. Vites Jr., Boston 


MICRODETERMINATION OF BERYLLIUM WITH PARTICULAR REFERENCE TO ITS 
DETERMINATION IN BroLtocicaL Matertacs. W. N. and H. F. 
Lippett, Analyst 73:607, 1948. 


As little as 0.2 micrograms of beryllium can be determined at fa 11.5 to 12.3 
with naphthochrome azurine 2B. All ions that are precipitated at this fa must 
be removed. Iron can be removed as prussian blue, and beryllium can be precipi- 
tated as a phosphate with aluminum phosphate as a collector. The dye referred 
to is usually sold as the sodium salt, from which the dye acid can be prepared 
by precipitating the acid at 30 C. from its aqueous solution by adding diluted hydro- 
chlorie acid and drying at 70C. The reagent contains 0.15 Gm. of the dried acid 
in 100 cc. of alcohol. In the colorimeter it is best to measure the decrease in green 
at 650 millimicrons rather than the increase in red at 650 millimicrons; both 
changes are caused by beryllium. To determine beryllium in biologic materials, 
treat a weighed sample of tissue in a silica dish with 2 cc. of concentrated sulfuric 
acid and 2 to 5 cc. of concentrated nitric acid. Heat on the sand bath and destroy 
all organic matter by evaporation, adding more nitric acid as required. Cool and 
wash the colorless or pale yellow digest into a 15 cc. graduated flask or tube. Add 
1 cc. of 10 per cent potassium ferrocyanide and, if necessary, a drop of 5 per cent 
iron chloride solution. Dilute to 15 cc., mix, pour into a centrifuge tube and 
allow to stan¢é overnight. Pipet off 5 cc. of the colorless or pale yellow solution 
into another 15 cc. centrifuge tube. Add 0.5 cc. of a 2.3 per cent solution of potas‘: 
alum (aluminum and potassium sulfate), 1 cc. of saturated disodium acid phosphate 
solution and 3 drops of bromcresol green indicator. Neutralize to a blue color 
with ten times normal sodium hydroxide and bring back to green with tenth-normal 
sodium hydroxide. Mix and allow to stand for thirty minutes, centrifuge for five 
minutes, carefully pour off the supernatant liquid and drain on filter paper. Add 
about 0.5 cc. of 1 per cent sodium chloride solution and centrifuge for three minutes. 
Carefully pour off the supernatant solution and repeat the washing. Finally add 
0.08 cc. of normal sodium hydroxide. Transfer the precipitate to a 5 cc. graduated 
flask or tube and rinse the original tube with sodium phosphate (Na:PO,) solution. 
Dilute to 5 cc., add 0.2 cc. of the dye solution and allow to stand at 30 C. for twenty 
minutes. Measure the color in a photoelectric instrument with the aid of Chance 


red filters. W. T. [Cuem. Arsrr.]. 


UnusvaL Symptoms IN Petrot TANK CLEANERS. INDER Sincu, Brit. M. J. 
1:706 (April 23) 1949. 


Inder Singh describes observations on men who were cleaning a large petrol 
tank, which had just been drained of its contents. To overcome the effects of 
undue exposure to the petrol vapor inside the tank the men were ordered to work 
in frequent shifts. The air inside the tank was not gas free, nor were the men 
given any masks or special clothing. After the initial respiratory 
and irritation of the eyes, the workmen became accustomed to the 
some of them stayed in longer. 


discomfort 
vapor, and 
Two men went to the extreme and worked almost continuously for nearly 
seven hours. No adverse effects during this period prevented them from doing 
so. Toward the end, however, they were seized with intense giddiness, and they 
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staggered and fell. They were rescued in an unconscious state by other workers. 
With first aid measures, both came round in about half an hour and complained 
of severe vertigo, a sense of constriction in the chest and pains all over the body. 
They had to be carried to their quarters. 

The authors recount the histories of these 2 patients. Both patients recovered 
in about three months, and a twelve month follow-up showed that recovery was 
complete. 

The unusual symptoms appearing in these 2 cases were acute parkinsonism, 
hemoglobinuria, abdominal pain simulating appendicitis, erythrocytosis and pallor. 
These symptoms were in addition to the usual effects of exposure to petrol vapor 
and lead tetraethyl. 


Acute Toluene Potsontnc. J. B. Lurre, South African M. J. 283:233 (March 26) 
1949. 


Lurie reports the case of a man who had to clean the inside of a tank, the 
sides and floor of which were coated with an emulsion of DDT containing 45 per 
cent pure toluene and 27 per cent DDT. The floor of the tank contained about 
6 inches (15 cm.) of water placed there for cleaning purposes. After entering the 
tank, the man removed his mask and commenced sluicing the sides of the tank 
with water. After approximately fifteen minutes he collapsed. He was imme- 
diately removed to fresh air, where he regained consciousness after only a few 
minutes of artificial respiration. 

He was taken to a hospital, where he staggered around the ward and appeared 
to be extremely irritable, restless, disoriented and excited. Three hours later he 
appeared semicomatose, rather restless, only slightly disoriented and quiet. He 
was not able to answer questions rationally. He was dyspneic, and there were 
signs of recent epistaxis. In the chest there were generalized rales and rhonchi, 
with evidence of excessive mucus in the bronchi. His breathing was labored and 
accompanied by a short, sharp cough with comparatively little expectoration, despite 
the fact that he was almost drowning in his own sputum. What little sputum 
was brought up, however, was blood-stained a bright red color. The pupils were 
dilated and reacted sluggishly to light; the knee and ankle jerks could not be 
elicited. The treatment included measures to counteract shock and penicillin sodium 
therapy. Administration of penicillin sodium was continued, and the following 
day the patient was obviously recovering; a week later the lungs were clear. 
This case was diagnosed as one of acute toluene poisoning ; nevertheless, poisoning 
with DDT, though remote, had to be excluded. 

No case of DDT poisoning has so far been deséribed in which symptoms and 
signs manifested themselves so soon (fifteen minutes) after an acute attack. 

Ihe toxicity of toluene in its acute form is chiefly related to the central nervous 
system. The affinity of benzene and its homologues, toluene and xylene, for the 
lipase substances present in the cells of the central nervous system will produce 
symptoms characteristic of inebriation, narcosis and endogenous psychosis. 

Thus headache, vertigo, nausea, fatigue and giddiness will be the predominant 
complaints, !and disturbance of equilibrium (with Romber'’s sign), ataxia, paresthesia 
and staggering gait the chief signs. Psychotic disturbances will manifest them- 
selves in restlessness, disorientation, loss of memory, fugues, hallucinations and 
irritability, culminating in loss of consciousness. 

The wearing of masks should be rigidly enforced on those working even for a 
short period in heavy concentrations of benzene and toluene. 
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PropHyLaxis oF Benzotism; Strupy or BENzENEMIA IN WorKMEN EXPOSED 
To Potsonrnc BY Benzene. J. Bernarp, L. Brarer, A. Basset and Bruyet, 
Semaine d. hép. Paris 25:1634 (May 22) 1949. 


According to Bernard and co-workers, many failures and disappointments 
characterize the attempts to prevent benzolism by repeated examinations of blood; 
that has been proved particularly by the occurrence of severe benzene hemopathies 
in persons who were followed up frequently and regularly. The results of the 
search for urinary sulfates were ambiguous. Studies of the bone marrow of the 
workmen exposed to benzene did not demonstrate pronounced disturbances. Attempts 
to demonstrate a medullary insufficiency before the appearance of cytologic changes 
failed. 

A systematic study was conducted in a large plant in the area of Paris; some 
of the workers handled products rich in benzene, and others handled products with 
medium or small contents of benzene, while the office workers had no contacts with 
benzene. Benzenemia varied considerably in these persons. Five of 8 workmen 
employed with the garnishing department, who constantly had to handle benzene 
products, showed amounts of 0.37 to 1.56 mg. of benzene in their blood, while in 
3 there was no evidence of benzene. It is suggested that certain persons are able 
to eliminate benzene, while in others the benzene remains fixed in the blood. 
Neither age nor sex seemed to play a part in this inequality of reaction. It made 
no difference whether or not the workmen were no longer in contact with the 
benzene products for two weeks up to eighteen months. The blood of certain 
old workers who had handled the benzene products for more than thirty years 
did not show any evidence of benzene, while in other workmen temporary contacts 
were sufficient to produce pronounced benzenemia. A large ratio of benzene was 
demonstrated in the blood of an office worker who for various reasons sojourned 
in the chemical laboratory for twenty to thirty minutes three to four times a day 
The benzenemia does not depend directly on the richness of the benzene contents 
of the product. A mild benzenemia was demonstrated in persons handling products 
rich in benzene, while high levels of benzene were demonstrated in the blood of 
workmen who handled products poor in benzene 

It seems advisable to keep under observations all the persons who may get in 
contact with benzene, even though these contacts may be only rare and temporary. 
It does not seem sufficient to replace products rich in benzene by those which are 
poor in benzene; it seems much wiser to replace them by products which do not 
contain benzene at all. The study of benzenemia is of great diagnostic value. The 
considerable differences in the ratio of benzene in the blood of persons exposed to 
benzolism suggest that the inequality of reaction may be due to an unequal capacity 
of eliminating or of fixing the benzene 


PoTASSEMIA AND CHLORUREMIA IN AcUTE EXPERIMENTAL BeNnzo_ism TREATED 
with INTRAVENOUS EPINEPHRINE IN ProcressivE Doses. A. 
and G. Lorusso, Folia med. 31:289, 1948 


CICCONARDI 


RESEARCH ON Potsontnc From DDT. F. Tarsitano, Folio med. 31:297 (July) 
1948. 


Bioop RESEARCHES IN EXPERIMENTAL TRINITROTOLUENE PoISONING. 


L. Pecora, 
Folia med. 32:73 (Feb.) 1949. 


Pecora found in 8 rabbits with experimental chronic trinitrotoluene poisoning 
. 
that the number of platelets greatly diminished in all the animals, whereas the 
prothrombin time, the coagulation time and the time of retraction of the clot were 
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normal. The results explain why hemorrhages are rare in cases of trinitrotoluene 
intoxication. When hemorrhages occur, they are due to hepatic, medullary or 
capillary injuries from the poison, in the presence of normal coagulation factors. 


Leap Content or BLoop AND or CEREBROSPLINAL FLum 1N EXPERIMENTAL Leap 
Porsontnc. G. Stravuse, Klin. Wehnschr. 26:595 (Oct. 1) 1948. 


Wereckinc Work on Brinces as Cause or Severe Leap Porsontnc. K. Hump- 
expinck, Med. Klin, 44:841 (June 30) 1949. 


Humperdinck briefly describes a case in which a man, while doing wrecking 
work on a bridge, was seized with pareses in both legs, severe pains in both 
knees, generalized weakness and mental irritability and anxiety. Although no 
lead line was visible on the gums, the grayish pallor and certain changes in the Ps 
blood picture suggested lead poisoning. He had been engaged in cutting bridge A 
iron work by means of a welding torch. The high temperatures of the welding 
torch vaporized the lead in the paint covering the iron work and produced lead 
oxide vapors. 


The man discontinued this work, and his removal from the lead exposure 
together with the therapeutic application of the vitamin B complex and ascorbic 
acid was followed by considerable improvement. 


Examination of 2 other men, who had done this same type of work in the 
wrecking of bridges, revealed a number of signs of lead intoxication in one, who 
had done the work for eight months; the other one, who had done the work for 
four months, showed practically no changes. 


The author points out that severe| forms of lead intoxication in the form of 
encephalopathy, paralysis and neurasthenia have been observed also in men who 
do work similar to that described here in the wrecking of ships. 


TO MetHyt Bromipe Porsontnc. G. Nacer, Schweiz. 


med. Wehnschr. 78:1280 (Dec. 31) 1948. 


Nager reports 1 case of chronic methyl bromide poisoning in a man aged 24 
who was working in a chemical laboratory in which ethyl bromide was produced 
with the aid of methyl al¢ohol. About 150 Gm. of |the substance escaped into the 
air in gaseous form in six hours. After he had been working in this laboratory 
for one month, hyperexcitability, mild acoustic disturbances, garrulity and distur 
bances of memory were evidenced. A few days later a manic state with delusions 
of persecution developed. | The latency of symptoms in methyl bromide poisoning 
may be explained by the slow occurrence of cerebral hemorrhages, which lead to 
foci of softening, while, as a rule, ganglion cells are not destroyed. Methyl bromide 
should not be used without protective measures, particularly as a fire extinguishing 
substance or an insecticide. Methyl bromide should be used only in closed systems 


J. A. M. A. 


Acute Porsonrnc, Its Course aNp Its 
TREATMENT. B. JasrNsx1, Schweiz. med. Wehnschr. 78:1282 (Dec. 31) 1948. 


Jasifiski} reports a case of acute aniline poisoning ina man aged 50 who had 


been working for twenty-one years as a dyer in a dye plant. During the drawing 


off of aniline from a barrel under pressure, the aniline splashed over the patient's 


clothes. On admission to the hospital the patient presented severe cyanosis of the 
ears, the hands and the legs. His blood had a dark brown color, but methemcglobin 
could not be demonstrated in the serum. Spectroscopic examination of the hemo- 
lyzed blood revealed an absorption band highly characteristic of methemoglobin. 
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The methemoglobin content of the blood was about 60 per cent. The blood count 
revealed the presence of inner bodies in a ratio of 68 per thousand. The maximum 
ratio of inner bodies (288 per thousand) was observed on the fourth day, when 
methemoglobin could no longer be demonstrated in the blood ou spectroscopic 
examination. The inner bodies were present in the blood for about four weeks. 
Irreversible damage to the erythrocytes was manifested by the presence of the 
inner bodies. The patient was given large doses of ascorbic acid and made a 


Errect or Feepinc or ANILINE ON THE URINARY Br ADDER IN Rats. B. EKMAN 
and J. P. SrrOmpeck, Acta. path. et microbiol. Scandinav. 26:472, 1949. 


According to Ekman and Strémbeck, the report of occupational hygienic 
experiences from Germany pointing to aniline as being capable of producing tumors 
of the bladder among workers in aniline factories did not receive unanimous 
support. Experimental animal investigations did not give clear results either. 

To test the carcinogenic qualities of aniline, the authors administered 0.1 per 
cent aniline in a basic diet consisting of casein, corn oil and glucose with a restricted 
vitamin content to a not systematically inbred laboratory strain of white rats, 
Keratosis and proliferation of the epithelium of the bladder to the point of papilloma 
formation, though not cancerous, were obtained \dministration of 0.2 per cent of 
Para-aminophenol did not produce such lesions. An estrogenic effect of aniline 
was not observed on examination of vaginal smears from 4 animals during a period 
of thirteen to eighteen days 

Results made it clear that aniline could give rise to tumors of the bladder when 
the test animals receive a certain diet. This seems to be of interest in conjunction 
with the investigations carried out against the background of the occupational 
hygienic significance of aniline. 


Medicine and Surgery 


GRANULOMA OF THE SKIN AT THE SITE oF Injury by Frvorescent Bute 
W. A. Coakcey, R. N. Suaprro and G. W. Rovertson, J. A. M. A. 189:1147 
(April 23) 1949, 


A granuloma of the cheek developed where the skin had been cut by a broken 
fluorescent bulb. After the cause was realized, the lesions were excised and the 
cheek eventually healed. The authors’ comment: “Lacerations caused by broken 
fluorescent bulbs may result in cutaneous lesions which are histologically similar 
to Boeck’s sarcoid. Physicians who have occasion to treat such injuries should 
be aware of this possibility and should follow these patients for several years. 
The development of nodules and ulceration at the site of lacerations caused by 
broken fluorescent bulbs should arouse suspicion of granuloma due to beryllium 
These suspicious lesions must be w idely excised and subjected to careful histologic 
examination, [on account of the danger of recurrence |.” 
REHABILITATION ON THE Jon. G. F. KEATINGE, Occup. Therapy 28:125 (April) 
1949. 


Keatinge says that the majority of accidents at work do not cause injuries 
involving loss of time. In Derby, England, at a Constructional Engineering 
Works employing 700 workers, 2,342 persons hurt in accidents, excluding ocular 
casualties, were treated in the medical department of the Works during 1947, but 
of these only 47 lost more than three days of working time. 
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Rehabilitation centers and physical therapy departments of hospitals play their 
part in the rehabilitation of severely injured workers, but these activities lack the 
discipline of productive work, an important factor in the rehabilitation of the 
workman. 

Realizing the importance of suitable work in the rehabilitation of workers, 
certain large employers of labor in Britain have set up special workshops for this 
purpose. There men carry out production jobs under special conditions, and if 
their cases demand, machines are suitably modified so as to encourage proper 
movements of the limbs. These workshops have given good results, but have some 
shortcomings. The psychologic effect of a number of injured people working in 
one shop is bad. On the other hand, the employee who goes back to work with 
his mates is usually anxious to emulate their achievements. Furthermore, the 
special shop is impracticable unless the organization employs great numbers of 
workers in one factory. 

Reviewing these 47 cases, the author says that 2 men who sustained fractures 
of the lower limbs returned to work in less than seven weeks. The men got 
about in their plaster casts as best they could, and as soon as they were free to 
do so, they began to use their limbs naturally. A man who fractured his patella 
went back to his usual occupation as a ¢rane driver, from which it may be inferred 
that there was little impairment of flexijon at'the knee joint. A workman who had 
a Pott’s disease fracture normally worked as a heavy laborer. Arrangements were 
made for him to make a start on rough painting of fabricated material; in this 
work he was obliged to move about to some extent. Within eight weeks of his 
return to work, he was back at his preaccident occupation, free from pain or 
swelling and with fujl movement in his ankle joint. 

All of 44 men who had minor injuries went back to their jobs. Early return 
to work should always be in the surgeon’s mind, and when a firm lacks a medical 
service, he should himself approach the management with a view to placing their 
injured, employee in suitable work as soon as the ae condition permits. 

Puy SICAL REHABILITATION OF INJURED WORKMEN IN British Corumspia, W. E. 

Miveranpt, Canad. J. Pub. Health 40:216 (May) 1949. 


Environmental Conditions 


Witt Norse Damace One’s Heartnc? W. E. Grove, J. A. M. A. 140:674 
(June 25) 1949. 


Exposure to long-continued noise menaces health, impairs hearing and destroys 
efficiency. Normal ears and ears of the young are more susceptible to injury. 
Noises of 90 decibels or more are considered hazardous, those of high pitch and 
intensity being most injurious. The length of exposure per period, the total 
time exposed, whether sounds are continuous or interrupted, duration of interrup- 
tions, presence of reverberations, age of worket and presence of prior ear disease 
are factors which must be considered in determining individual hazards 

McCoy showed that exposure to 110 to 130 decibels, in a chipping school, 
produced a transient impairment of hearing after seven hours, and that a permanent 
defect of the high frequency range resulted after one month’s exposure. <A _ repre- 
sentative group of the men showed these changes 

Prevention of lesions of the organ of Corti is the only treatment. Through 
education and propaganda the Subcommittee on Industrial Noise expects manage- 
ment and labor to recognize and eliminate potential hazards. Pilot plants with 
noise hazards are to be studied to map out measures for correction and investi- 
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gation. Preemployment examinations of hearing of workers who will be exposed 
to 90 decibels or more is indicated. Preventive measures to be followed are: 
(1) Modify plant construction to decrease noises, (2) transfer noise-susceptible 
workers to other operations, and (3) use fitted ear coverings. 

Complete studies of each worker subject to excessive noise will permit detection 
of those in whom loss of hearing is a true occupational disease 


A. Lear, Boston. 


InpustRiAL Viston Tecunigues. Henry A. Imus, Am J. Ophth. 32:145 
(June) 1949. 


Industrial vision screening devices enable technicians to select personnel for 
special visual tasks, judge “on the job” performance and predict clinical measure- 
ments of vision with reasonable consistency and accuracy. The results of several 
military research projects utilizing three machines (Ortho-Rater, Sight-Screener 
and Telebinocular) are discussed. The machines are compared with one another 
in regard to the reliability and validity of the determinations made in testing 
visual acuity, phorias and depth perception and in regard to corresponding clinical 
measurements. 

(See also Tr. Am. Acad. Ophth. pp. 261-273 [Jan.-Feb.] 1949.) 


Arnot A. Lear, Boston 


A CiinicaL SurvEY INTO THE Errects or Turno-Jet ENcine Norse ON SERVICE 
PERSONNEL: Some PRELIMINARY REMARKS E. D. D. Dicxson and 
N. P. Watson, J. Laryng. & Otol. 63:276 (May) 1949. 


Dickson and Watson say that the jet engine and the approach of transonic 
flight, by their emphasis on the possibilities of ill effects from ultrasonic vibra- 
tions, have stimulated inquiry into the physidlogic effects of vibrations as a whole 

Ultrasonic vibrations and frequencies develop in aircraft from two sources. 
First, the engine turbine and compressor are likely sources of ultrasound, in addition 
to the gas in the jet itself. Second, the disturbance produced by the aircraft in the 
medium through which it travels is a source of aerodynamic noise 

This paper presents the results of a survey on a number of Royal Air Force 
personnel employed in various capacities on gas turbine engine aircraft. This is 
merely a clinical survey, not a controlled investigation. At the outset 120 men 
were selected for follow-up, but owing to various difficulties, a start was made 
with 97 men, who were under observation for one year 

Discomfort in the ear during running up and the minor degreees of deafness 
and tinnitus after running up were the most prominent symptoms. There were 
occasional complaints of such subjective disturbances as dizziness and unsteadiness, 
usually noted when the subject stood near the air intake, or at least to the fore 
of the aircraft; such were in almost all cases unsustained and isolated experiences. 
The main features of the symptoms were their infrequency, absence of severity 
and short duration. The authors feel that such effects are but little in excess of 
those experienced with piston engines under the same conditions. The results 
of clinical examination were negative. 

Audiometric determinations of acuity of hearing showed that on the whole 
there was no deterioration during the year. The absence both of a control group 
of persons not exposed to noise ard of audiograms taken from the subjects under 
survey prior to their exposure to jet noise prevents sweeping dogmatism 

The survey reveals no significant effects produced as a result of work on gas 
turbine engines under present service conditions during the limited time in which 
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personnel have been so employed. Deafness or other manifestations may take a 
much greater interval of time to reveal themselves and yet be apparent before 
such changes develop in workers on reciprocating engines. 


Workinc Conpitions or Coat Miners tN Mines or Arroro vos Ratos AND 
ButtA. O. G. Oxrverra, Arg. de hig. 15:65 (Dec.) 1945. 


From Feb. 2 to March 2, 1944, Oliveira, in charge of the department of hygiene 
of the Instituto Oswaldo Cruz, made an inspection of the working conditions in 
coal mines of Arroio dos Ratos and Butia, with special reference to miners of 
the subsoil of those mines, which is at an average depth of 110 meters. The 
working fields in the subsoil consist of coal-yielding chambers in galleries and 
their branches. Galleries are 1.20 to 2.50 meters high and 2 to 2.50 meters wide 
and cover a minimal distance of 1,700 meters each. The author shows by means 
of maps and tables that ventilation of the mines is good and that circulation and 
exhaustion of air are properly controlled. Dust and gas are eliminated. The 
atmosphere is clear and the temperature pleasant. The main galleries have fixed 
electric lights whereas the corridors and working face are illuminated only by 
the acetylene hand lamps. Neither mine produces firedamp; so safety lamps are 
unnecessary. 

He concludes that the sanitary, social and industrial conditions of the miners 
and their families are good. The total production calculated in tonnages of coal 
has greatly increased since the establishment of a six hour period of work. The 
miners’ ages range between 21 and 50, with a retirement age of 50. The paper 
is well illustrated. 


Ventilation, Air Conditioning and Engineering Control 


Raptayt AND Convective Heatinc. “Tuomas Beprorp, J. Inst. Heat. & Vent. 
Engineers 17:462, 1949. 


In this comprehensive review, Bedford summarizes what is generally known 
concerning physical and physiologic aspects of radiant and convective heating. 
Relative merits are assessed in terms of multiple criteria, that is, air and mean 
radiant temperature, variability, temperature — from floor to ceilings, 
humidity, air movement and freshness. Much sttess is laid on the principle of 
locating the source as near the floor as possible. | Although the requirements set 
out by the author can be met by the use of several methods, low temperature radiant 
heating supplemented with a system of ventilation supplying air at a temperature 
within a few degrees of the desired room temperature would seem to approach 


the ideal system for comfort. | C. P. Yacrou, Boston. 


SAFEGUARDING UNDERGROUND WoRKMEN FROM Noxious Gases RESULTING FROM 
3LASTING IN Strip Mines. E. H. McCreary, M. W. Price and Josern V. 
Martner, United States Department of Interior, Bureau of Mines I. C. 7503, 
May 1949. 


This circular presents methods of preventing contamination of coal mines by 
surfacing mining operations. The principal hazard results from carbon monoxide 
and other gases which seep through the crevices into underground workings. 
A program of inspection and testing ‘is recommended to prevent accidents. 


L. SttverMAN, Boston. 
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Book Reviews 


Industrial Toxicology. By Alice Hamilton, M.D., and Harriet L. Hardy, M.D. 
Second edition, revised and enlarged. Pp. 574. Price, cloth, $6.50. 


New 
York: Harper & Brothers, and Paul B. Hoeber, Inc., 1949. 


The first edition (1934), by Dr. Hamilton, had become a classic and an indis- 
pensable reference book. The entire style, arrangement and indexing made it 
admirably suited to frequent and routine use. The rate at which our students and 
colleagues wore out our own copies was proof of the importance of the book to us 

Dr. Hamilton always writes well. She is an accomplished reporter, an infallible 
diagnostician of industrial ills and an impartial critic. She knows the literature 
and her bibliographies are always pertinent, yet she gives her own views and 
comments and not just a dull recitation of what is reported in the literature. 

Her partner in this revised edition measures up to her high standards. Dr. 
Hardy is experienced in the same sort of work, she also is deeply concerned with 
the medical aspects of occupational disease and has become a recognized authority 
on many phases of the subject. Both authors are fine teachers. 

We have had two copies of their book for some little time and have used them 
hard. We can find what we want and find it quickly. The index is perhaps a 
bit brief but well done. The bibliography is extensive (over 1300 references), and 
authors’ names are arranged alphabetically as in the first edition. There is no 
cross indexing of these names—one must know the name of the senior author. 

There is nothing on silicosis or asbestosis, or on dermatologic diseases. The 
authors are frank to state that they have little on toxicologic data derived from 
animal experiments. But they stress continually the preventive measures needed 


to escape poisonings. When pertinent, the accepted figures of permissible con- 
centrations in air are given. 


This book is a rare combination of good common sense, excellent reporting, 
good preventive medicine and good writing. 


Puitie Drinker. 


Odors: Physiology and Control. By Carey P. McCord and William N. 
Witheridge. First edition. Pp. 405, with 91 illustrations, bibliography and 
index. Price $6.50. New York: McGraw-Hill Book Company, Inc., 1949. 


The authors have done a commendable job in compiling into a single volume 
what is known and much that is unknown on odors. The physiology of odors, 
their chemical constitution, classification, detection and measurement, the comfort 
and health aspects, and methods of controlling odors in homes, public buildings 
and industries are presented in an orderly manner in twenty-three chapters, with 
a well organized index at the end, which makes cross reference easy. Of especial 
interest to industry are the last eight chapters of the book, dealing with a survey 
of odors made in the field, with the legal ‘aspects of odor nuisances and with 
practical methods for eliminating personal or public odor nuisances. 

The book is well written, interestingly illustrated, and perhaps too fully docu- 
mented with a 124 page list of references. It should be of value to industrial 
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hygienists, architects, ventilation and air-conditioning engineers, members of the 
legal profession and to public health workers in general. C. P. Yactow. ri 


Rehabilitation of the Handicapped: A Bibliography 1940-1946. By Maya 
Riviere. Two volumes. Cloth. Pp. 998. Price $10. New York: National 
Council on Rehabilitation, 1949. 


This is an excellent reference text for all in the rehabilitation field. It consists 
of a bibliography of 5,000 publications which is well cross-indexed as to title, 
author and content, and in some instances abstracts are included. There are also 


lists of rehabilitation centers and films. Antnun L. Warxins, MD. 


Length of Life. By Louis I. Dublin, Alfred J. Lotka and Mortimer Spiegelman. 
Revised edition. Pages 404, with 32 charts and 94 tables. The Ronald Press 
Company, New York. 1949. Price $7. 


More than a decade has gone by since the first edition of this book aroused 
something close to enthusiasm among the usually sedate citizens who are engaged 
in statistical pursuits and in the fields of sociology and health. The exhaustive 
treatment of various “life tables” and their application to a wide range of problems 
were a revelation to many who had previously considered this particular field as 
a dry desert, whose sands and bleached skeletons of numbers were of interest only 
to the actuary concerned principally with keeping his {life insurance company in 
a state of solvency. 


; Since 1936 there has been another census in the United States, and a great deal 
4 of new ‘material is available for the rést of the world as well. Much of this has 
. been incorporated in \the present edition, which is an extraordinary compendium 
A of information on the forces of mortality and their effects on populations from 


earliest recorded timés to the present. It is doubtful whether as much accurate 
and extensive information on the subject could be found in any other one place 
as is included in the graphs, text tables and appendixes of this volume of moderate 
size. 

At the same time, the text is anything but dry. The book is as readable for 
the nonstatistician as for the actuary. The biologist, the sociologist, the health 
official, the industrial hygienist: ‘Each will find material applicable to his special 
fields of interest. Each will encounter ideas which are challenging as well as , 
stimulating 


The book is definitely not a dissertation on the mechanics of constructing life 
tables. It does present, clearly and concisely, the meaning and the application 
co of the various functions used in such tables. In addition, a new and simple method 
is presented for the construction of approximate tables of high accuracy. It would 
be surprising if many readers did not immediately start to try out this method 
on populations in which they happen to be interested. 


Huco Mvencu, M.D 4 
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THE SIMPLE, BLAND, STERILE 


Lessing 


Always ready—always sterile: 
VASELINE Sterile Petrolatum Gauze 


sterile dressings Dressings are so handy and so useful 


for burns 

wounds of wherever an emollient, non-adherent, 

traumatic or 

surgical origin non-irritating, and non-macerating 
Covering, Packing, or Drainage 
material is indicated, for emergency or 
routine application. From compact 

_ ae foil-envelopes, they may be cut into 

Strips or pads of various dimensions, 

po mg or folded, or used full-length. Fine- 

eo meshed absorbent gauze (44/36, 

packs, — Type I, U.S.P.) prevents growth of 

tampons granulation tissue through gauze. The 
light, even impregnation with sterile 
petrolatum (white petroleum jelly 

avoids danger of tissue 
—non-irritating, 


non-sticking, maceration. 
pliant, and 


sterile moteriol CHESEBROUGH MFG. CO., CONS'D 
PROFESSIONAL PRODUCTS DIVISION 
~ ; NEW YORK 4, N. Y. 


Vaseline 


Trade-Mark @ 


Sterile 
In Two Convenient Sizes: 


 Letrolatum Gauze 


6 envelopes to the carton 


Dressings 


6 envelopes to the carton 


IN BURNS, WOUNDS, AND MANY SURGICAL PROCEDURES 


Available through your 
regular source of supply 


FOR... 
: 

a 

No. 2, DUPLEX ENVELOPE TWO 3 «x 18 

ave 


DIAGNOSIS OF VIRAL AND 
RICKETTSIAL INFECTIONS 


Frank L. Horsfall, Jr., M.D., Editor 


The latest information on laboratory diagnosis of each of a total of 32 specific 
infectious diseases caused either by viruses or by rickettsiae. Symposia of the 
Section on Microbiology, New York Academy of Medicine, No. 1. $3.75 


EVALUATION OF 
CHEMOTHERAPEUTIC AGENTS 


Colin M. MacLeod, M.D., Editor 


A general evaluation of certain of the many factors involved in the success or 
failure of chemotherapy. “ an excellent review of the most recent and 
authoritative opinions about the various chemotherapeutic and antibiotic agents.” 
—ARCHIvES OF Puysicat Mepicine. Symposia of the Section on Microbiology, 
New York Academy of Medicine, No. 2. $4.00 


COLUMBIA UNIVERSITY PRESS 
2960 Broadway, New York 27 


A Constantly Expanding Library of 


* PROGRESS IN INTERNAL MEDICINE 


Archives of Internal Medicine 


Original Studies . . . Observations . . . Findings 
in clinical medicine as observed at the bed- 
side or in the laboratory, come monthly to 
your desk. Also physiologic, pathologic and 
pharmaceutic researches that have a bearing 
on the nature, diagnosis and treatment of 
disease. latest findings on such subjects as 
penicillin, the sulphonamides, tsutsugamushi 
fever, Chagas’ Disease, pulmonary embolism, 
etc. News and Comment, Book Reviews and 
Progress Reports > 
Monthly e Well Illustrated 
Two Volumes Annually 


AMERICAN MEDICAL ASSP. 535 N. Dearborn St.. Chicago 10 
Please enter a subscription to Archives of Internal Medicine 
for one year and continue it until I instruct you to dis 
continue it 


$11.00 FOREIGN $10.40 CANADIAN 
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WHY MANY LEADING 
NOSE AND THROAT 
SPECIALISTS 


Where smoking is a factor in a throat condition, 
the physician may advise “Don’t Smoke.” 

But where the patient persists, many eminent 
specialists suggest “Change to Morris”... 
the one cigarette proved definitely less irritating.** 
Perhaps you too will find it advantageous 

to suggest to your throat patients 

“Change to PxHitip Morris.” For your 

own smoking as well, Doctor, in fact for all 
smokers, Philip Morris is by far the wisest choice. 


PHILIP MORRIS 


Philip Morris & Co., Ltd., Inc. 
119 Fifth Avenue, N. Y. 


IF YOU SMOKE A PIPE... We suggest an 
unusually fine new blend—Country Doctor 
Mixture. Made by the same process as used in 
the manufacture of Philip Morris Cigarettes. 


*Completely di tt i on file. 

**Reprints on Request: 

Laryngoscope, Feb. 1935, Vol. XLV, No. 2, 149-154; Laryngo- 
scope, Jan. 1937, Vol. XLVI, No, 1, 58-60; Proc. Soc. Exp. 
Biol. and Med., 1934, 32,241; N. Y. State Journ. Med., Vol. 
35, 6-1-25, No. Il, 590-592. 
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SIMPLIFY URINALYSIS 


NO TEST TUBES - NO MEASURING 
NO BOILING 


Diabetics welcome “Spot Tests” (ready to 
use dry reagents), because of the ease and 
simplicity in using. No test tubes, no 
boiling, no measuring ; just a little powder, 
a little urine—color reaction occurs at once 
if sugar or acetone is present. 


Gealulest 


FOR DETECTION OF SUGAR IN THE URINE 


y 
(DENCO) 


FOR DETECTION OF ACETONE IN THE URINE 


SAME SIMPLE TECHNIQUE FOR BOTH 


|. A LITTLE POWDER 2. A LITTLE URINE 


COLOR REACTION IMMEDIATELY 


\ carrying case containing one vial of 
Acetone Test (Denco) and one vial of 
Galatest is now available. This is very 
convenient for the medical bag or for 
the diabetic patient. The case also con- 
tains a medicine dropper and a Galatest 
color chart. This handy kit or refills 
of Acetone Test (Denco) and Galatest 
are obtainable at all prescription phar 
macies and surgical supply hous&. 


lecepted for advertising in the Journal 
of the A. M. A 


WRITE FOR DESCRIPTIVE LITERATURE 


heotone Fost \o <0)... Gatalest 
THE DENVER AL MFG. COMPANY 


“163 Street, Mew "York 12, 


What You Have Always Wanted To Be! 


A Consultant in Industrial Medicine 


There is just such un opening for you 
with a large company that insures several 
industries. They want an outstanding 
man who has written on industrial medi- 
cine or taught the subject. You would be 
expected to visit these industries and 
recommend changes and make sugges- 
tions so that their insurance rates could 
be reduced. Headquarters in New York 
City. Write or wire us so that we can 
suggest you. 


THE NEW YORK MEDICAL EXCHANGE 
489 Fifth Avenue New York City 17, N.Y. 
Murray Hill 2-0676 


POWDERED SOAP 


| 

| | | : 

| 

| 

| 

‘ } | LIGHTFOOT SCHULTZ CO., 663—Sth AVE., NEW YORK 22 


= 


LETHAL BATH 


Quick, convenient and effective disinfection of instru- 
ments with a cold solution—that is what Metaphen 
Disinfecting Solution offers. In the absence of blood 
and exudate, common nonsporulating pathogenic 
bacteria (except tubercle bacilli) are killed in 10 
minutes. Tests made against Staphylococcus aureus with 
samples of Metaphen Disinfecting Solution that had 
been in constant use under office conditions for one 
month showed that repeated immersion of contami- 
nated instruments did not reduce the potency of the 
solution. Metaphen Disinfecting Solution is always 
ready for immediate use. It is stable, nonvolatile and 
nonirritating to skin and oral tissue. It does not in- 
jure temper, finish or cutting edges and does not leave 
a sticky coating on instruments. Give time-saving 
Metaphen Disinfecting Solution a trial. You may ob- 
tain it through your usual source of supply in eco- 
nomical l-quart and 1-gallon bottles. Now is the time. 
Asport Laporatories, Nortu Cuicaco, 


DISINFECTING SOLUTION 
[Contains Metaphen (Nitromersol, Abbott) 1:2500) 
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Help put your safety program across by 
knowing the hazards in the air your workers 
breathe. Willson air sampling equipment is 
highly effective in detecting the amount of 
dusts or vapors in the air. This apparatus is 
an accurate guide to the degree of hazard 
surrounding a particular job and indicates the 
extent of respiratory protection necessary to 
maintain better health and to reduce absen- 
teeism. 
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«Sampling Flask 
Flask Mopper-Large 


Stopper «Smal 


For use by chemists or engineers in Depart- 
ments of Health, Industrial Hygiene, In- 
surance Companies, Chemical Industries, 
Degreasing Plants, etc., for the determination 
of the concentration of chlorinated hydro- 
carbon vapors, such as trichlor ethylene, 
chlorinated napthalenes, and chlorinated di- 
phenyl in the air. 


IMPINGER DUST SAMPLING APPARATUS 


Used by the UL. S. Dept. of Health, State and City 
Health Depts., Insurance Companies, Mines, Smelt- 
ers and Manufacturing Plants for determining the 
quantity of dusts which may cause pulmonary fibrosis. 
Available with either electric or compressed air 
suction apparatus as illustrated. 


SEND FOR BULLETIN WITH COMPLETE INFORMATION 


PRODUCTS INCORPORATED 
READING, PA., U.S.A. Established 1870 


211 WASHINGTON STREET, READING, PA., U. S. A. 
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